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FROM THE EDITOR 


BY DAVID J. EICHER 


ne of the gret p 
leges of my job has 
been working with 
an allstar cast of 

physicists, eosmologists, and 

planetary scientists. Over the 
years, I've gotten to know 

{quite afew brilliant people 

‘who keep me thinking about 

all manner of subjects. 

A few months ago, the 
compelling 
‘me to share some of these 
{great astronomers’ stories 
about their lives and their 
research. So in January, we 
started the Superstars of 
Astronomy audio podcast, 
‘an hourlong, reasonably 
detailed, NPR-style chat 
with some of the greatest 
scientists on the planet 

‘The firs few were lots of 
fun to do, and I think they 
offer a great and enriching 
setof ideas about what's 


idea oceurred to 


going on in astronomy. As 
T write, we've thus far fea 
tured Jeff Hester, the Hubble 
Space Telescope scientist 


7 
eff Hester on 
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Audio 
podcast 
premieres 


behind the famous “Pillars 
‘of Creation” Eagle Nebula 
photo, Hester described the 
‘magic moment we al experi- 
cence living ina special time, 
when we can understand 

the context of the cosmos 


around us like never before 


Alan Stem ses 


talked about Pluto, its status 
asa planet, and the upcom- 
ing histori flyby 

‘A new interview in the 
series will be posted each 
month. Other scientist f 
tured include Debra Fischer 
vem _ of Yale University, discuss 


ark acne mtu 


ing exoplanets; Seth Shostak 
ve also had a great inter- ofthe SETI Institute on life 


view with Garik Isracian, in the universe; Avi Loeb of 
the astronomer at the Harvard University, discuss- 
Institute for Astronomy in ing the future collision of 


‘Tenerife who founded and the Milky Way and the 
directs the Starmus Festival. | Andromeda Galaxy; and 


‘This event is bridging the many others. 
gap between astronomy, You can listen tall of 
‘music, an film like no the interviews at www. 
other, and T encourage you Astronomy.com/superstars. 
loget involved with Slarmus Slay tuned! 
in the future, 

Our third interview in Yours truly, 


these Alan Sern 
planetary cna ad pt (OS 
calcrelgine ote Rep - 


Horizons mission to Pluto. | David J. Ficher 
‘As you can imagine, we Editor 
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In praise 
of the 
southern sky 


Although relatively fe 
people live in the Southern, 
Hemisphere, the southern 

sky holds a disproportionate 


“The southern sky has all the 
‘good stuf.” So said Bart Bok 
(1906-1983), one ofthe great 
astronomers of the 20th cen 
tury and during his lifetime 
the world’s leading expert on. 
the Milky Way. Bok used to 
say it with a smile, but it wasn't 
much of an exaggeration. The 
Magellanic Clouds are breath: 
taking, even to the naked eye. 
‘The Carina Nebula (NGC 3372) 
is bright and dwarfs the Orion 
Nebula. A herd of star clusters 
like NGC 2516, NGC 3532, and 
‘others would be killer in the 
north but are mostly unknown 
because they He so far south, 
Take some time to get 
acquainted with the southern 
sky, and read the story on p. 30 
encourage you to visit 
Australia, Chile, or one of the 


many other southern locales 
that provide spectacular obsery 
ing sites. And you may agree 
with Bok. — David cher 


The Carina Nebula NGC 3372) surrounding the each vatable star Eta Carinae, Ione of he greatest gems ofthe southern sy. 


STRANGEUNIVERSE 


BY BOB BERMAN 


Beyond the red 


Exploring the warm, cozy weirdness of infrared light. 


visible light? No one saw 
that coming, It was as 
astounding in 1800 as the 
discovery of microbes some 
125 years eatlier. 

‘This story begins with the 
Sun, which radiates about 40 
percent ofits energy as the 
familiar spectral colors. The 
‘other 60 percent is invisible, 
and most of tha is infrared 
(UR), which our skin perceives 
a heat, IR is just ike red light, 
except ils waves are slightly 
‘more spread out, Each wave has 
about hal the thickness of 
human hale 


{dea, but nobody had ever 
thought of it. What he found 
dropped his jaw. The mercury 
rose the most when the ther- 
‘mometer was held not in the 
visible spectrum, but next toi. 
“Invisible light” must be hitting 
that dark spot on the table near 
the red, Herschel called these 
“ealorifc rays.” 

‘Today we know that infrared, 
the modern name, has waves 
of the optimum size to jostle 
whole atoms and molecules 
‘When atoms move, we eall it 
heat, So infrared is not heat, but 
At does produce it. And it works 
both ways figgling atoms ereate 
infrared light. I's a spicy sym- 
biotic dance. 

Humans can't directly sense 
infrared. Rather, we feel the 
speed-up of our skin's atoms 
caused by IR. Nonetheless, 
“heat” and “infrared” are popu- 
larly used interchangeably, asin 
“heat lamp.” 


Late in the American 
Revolution, William Herschel 
{gave Britain a badly needed boost 
tots pride when he found the 
first-ever new planet, Uranus. 
He was also an accomplished 
symphonic organist, cellist, and 
‘oboist as well asthe composer 
‘of 24 symphonies, even ifeach 
‘was renowned for curing insom- 
‘nia, An expert lens maker, he 
‘built the largest telescopes of 
his day, including a star-party 
colossus with a 48-inch mirror. 
He discovered two moons of 
Saturn and two orbiting Uranus, 
land coined the word asteroid 
Herschel was a celebrity 
Nineteen years after his 
Uranus discovery, Herschel was 
fooling around with various 
filters for solar viewing when he 
noticed that red light seemed to 
bbe accompanied by more heat 
than any other color. Intrigued, 
hhe placed a thermometer on a 
lable where cut glass cast the 
colorful solar spectrum. In one 
‘of those ewreka moments most 
‘of us only get when we sud. 
denly remember we ean mute a 
commercial, he wondered ifthe 
zed section was hotter than the 
‘green or blue. It yas a simple 


Infrared vibrates at the same 
frequency that glass molecules 
Like to rattle, Glass and IR 
resonate violently, creating a 
chaotic barrier, So while visible 
light easily penetrates windows, 
infrared does not. After light 
comes through, the heat it ere 
ates cannot get back out. Glass 
creates an infrared trap! Like 
your car in sunli 

Infrared also does not ike to 
scatter. Its long waves are pen- 
etrating. We see this principle, 
called Rayleigh scattering, in 
everyday life. Distant mountains 
appear blue because sunlight’s 
shorter waves bounce among the 


TODAY WE KNOW THAT INFRARED ... HAS 
WAVES OF THE OPTIMUM SIZE TO JOSTLE 
WHOLE ATOMS AND MOLECULES. 


FROM OUR INBOX 


Fata Morgana cE 
Tlive in Hawaii but grew up 

‘in Rhode Island, on the coast, 

‘The island of Cuttyhunk, 10 

rmiles off Little Compton's 

beaches, was alwaysa test of 

‘visibility for us. On the best days, we could make out houses, 
‘On an average day, the island was barely visible. I was back 

in the old hometown last spring and took the above photo in 
carly May. I coulda’ figure out what I was seeing until [read 
‘Stephen James O'Meara’ July column. So now I know that the 
mirage has a great name! Thanks very much for explaining. 
Tl share what you wrote with the folks who look at Cuttyhunk 
more often, —Kenneth Peckham, Hon Honat 


We welcome your comments at Astronomy Letters, P.O. Box 1612, 
Waukesha, W!.53187; or email to letterseastronomy.com. Please 
Jnclude your name, city state, and country. Letters may be edited for 
space and cary. 


its heat and create structural 
raps of what's there. 

Namely, lots of stars, All 
create copious infrared. 
Including ours, of course. The 
‘high solar IR fas reveals that 
the Sun is hot, And you bought 
a magazine to learn this. 

Although half the Sun's 
energy is infrared, a much 
‘greater IR percentage gener 
ally floods the cosmos. That's 
because the expanding uni- 
verse shoves most galaxies! 
visible light into the IR. For 
astronomers, the widespread 
redshift has made the IR 
realm the fashionable place 
lobe. Nowadays, many major 
‘observatories — includ. 


air molecules between us and 
the mountains to create a bluish 
haze. Green scatters much less, 
and red light less stil, 

you observe life through 
rose-colored glasses (or even 
yellow-tinted ones), which block 
blue but let red pass through, 
you see those far-off mountains 


illuminated mostly in sunlight’s 
red component. They stand out 
sharply I's dramatic. The haze 
is gone because you no longer 
see the seattered-around blue. 


‘This isthe principle behind the under-construction 
those amber “blue-blockin, 
sunglasses hawked on late-night 
‘TV, which you'd certainly buy i 
you hadn't foolishly muted the 
commercial 

fred doesn't scatter much, 
infrared scatters even less 


James Webb Space Telescope 
— obsessively focus on the 
infrared. Is also the only part 
of the spectrum amenable 
to adaptive optics, although 
recent advances have begun to 
‘extend that image-steadying 
technique into the deep red, 
Spring's ever-higher Sun now 
cranks up its infrared, warming 
‘our winter-weary skin. I's nice 
to know it's also unlocking the 
universes seerels.g 


Exploiting this, astronomers ean 
detect IR from the center of our 
galaxy, whereas visible light has 
been scattered and blocked by 
all the dusty nebulae so that we 
cannot see a thing. No telescope 
can see the Milky Way's core, 
27,200 light-years away, hidden 
behind Beijing-level pollution 
But IR telescopes essentially feel 


Contact me about 
iy strange universe by visiting 
hhttp:/skymanbob.com. 
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FERMI BUBBLES. The Fermi Gamm: 


Hubble: 


has observed the tempe 


‘OLD wortos, 
Kepler, 
trated hee, 
leasmall coo! 
T2bilon year 

isto, butthe 
five tiny planets 
citing rarest 
to hot frie 


ROCKY EXOPLANET BONANZA 


he Harvard.Smithsonian Center for 
Astrophysics boasted lots of new 
exoplanet science at the American 
Astronomical Society meeting in 
January. One team discovered eight new 
planets orbiting in ther stars’ habitable 
zones (the distance at which water can 
remain liquid), with most of them believed 
tobe rocky. A related study constrained 
the size for which planets can be expected 
to be rocky: Only planets less than 16 
Earth masses are likely to actually resem. 
bie our planet's structure, limiting the 
number of truly “Earth-like” candidates. 
But another group found that super-Earths 
— up to five times the mass of Earth — 
can form and maintain oceans for bil 
of years by recycling the water stored in 


their mantles. Ifa planet is rocky, oceans 
might be a common accurrence. 

Later in the month, on January 26, 
scientists announced the discovery of 
three-planet system by K2, the re-imagined. 
Kepler mission following the loss of the 
reaction wheels that kept it pointed for its 
‘original mission. The outermost of these 
three planets is possibly both rocky and in 
the habitable zone. And a separate group of 
astronomers published the same day in The 
“Astrophysical Journal that they found five 
tiny, scorched planets orbiting closely 
around Kepler-444, an 11.2-billion-year- 
‘old star. While far from habitable, these 
planets ate further proof that wherever and 
whenever we look, planets exist in abu 
dance.— Korey Haynes 


AIMING FOR 
THE RIGHT SPOT 


‘Ata distance of Tastronomicalunit 


(the average Earth-Sundistance), | ( 
1 miliaresecond corresponds toa dis: 


tance of about 2,500 feet (750 meters) 


ANGULAR ACCURACY (MILUIARCSECONDS) 


PINPOINT TARGETING. Humans have been sending abate probes to other panes snc 1962, when 


NASH atin 
bad for fis 


2 spacecraft few past Venus ata stance of 2,000 mies (5 
fet angular accuracy was oly about 60 areseconds (1 aesecond equals Yas of degree 


00 


fers Although not 


Things have improved cnsierably snc then. The 200} Mats Odyey spacecraft asthe fist to achieve an 


12 Astronomy « 


rllresecond, and the curent stat ofthe art more than 10 times beter than that 


BRIEFCASE 


NASH New Horizons spacecraft caught palate av 

‘ational imager of Pluto late January to lp reduce 

Simin rors ov oa few hundred mils Caren 
‘maneuvers were planned for Nach and May. High 
resolution Images wll come starting afew weeks 

before the July 1tyy. After Pluto the raft may vst 

‘one oF mare small Kuper Slt objects, each aud 30, 
‘les (50 lamer nize an considered bulding 
bcks of rise Puta approved that next 

inter expected in 201. 


New research as linked a star mase and sin with 
{ge The decor, publiedby 3 Harvard tear 
asvonemesin the anuary 29s of Nature, paves 
the way for accurate ages of star not previously pos 
ble. Ths relationships expected tobe a ruc tol for 
studying the evolution stars a wel a ending 
planets ld enough to haveinelignt ie 


‘fresh look at tiny pieces of soled melten rockin 

rates has pushed planetary cents to propose 

Tne astra origin theory. These is of space rocks 
“noun as chondrules — wer long considered 


dence tat strode are remnant of planetary for 
‘mation Most experts think these rocks smashed Into 
cone another acreting ta form planets The new NASA 
funded study publened nine nuary 15 in Note 
inctadimples asteroids formed eater in a pr gener 
‘tion of embryonic impacts and eonsttutether own 
Population of materal — Ele Bate 


MYSTERY OBJECTS. Scent have leamed that 
eliow bal cen selenite had etalogegin| 
Spitzer Space Telescope infrared mages represent an 
tary pave of massive str formation, 


Revealing early 
star formation 


Wile scanning infrared 
images from the Spitzer 
Space Telescope for 
the Miky Way Project, 
tien scentsts pt, 
Coming upon werd ‘yl 
Tow bale" But what was 
behind these objects, 
which ony appear yl 
Town false cooe data 
an acen actually this 
hue inveal fe 

ith prompting 


are anew way todetect 
the early stages of mas 
sive star formation," says 
Charles Keron af ows 
State University in Ames 
Histeans analysis ofthe 
structures reveals that 
they represent the tran 
stional phase between 
young embryonic stars 
And newaor uns that 
blow bubbles, tizen 
scents have found 


bythe volunteers, we morethan 900 ofthese 
analyzed theyellow balls yellow balls fa. 
nd figured outthat they “Kare Ferro. 


SPIDER FLIGHT. Scents prepared the balloon-bome Spier 
telescope for launch int hese above Antartica nana, 
where tude the cosmic mcowave background for evidence 


of ifaton. ren, 


‘The hulking white crate was wrapped 
iin chains and strapped toa shipping 
platform when it arrived atthe South 
Pole, On the side in unny black ink 
was stamped “Spider.” Cosmologists 
brought the instrument hereto 
gather light from our universes cos 
mic dawn, And the balloon-borme 
telescope’: solar panels and sivery 
sides shimmered ait flew for 16 clays 
In January above they continent. 

Spider's ust one of many efforts 
studying the cosmic microwave back 
ground radiation (CMB) — the oldest 
lightin the universe — which formed 
380,000 years after the Big Bang 
hen the cosmic soup of particles 
had cooled enough to form hydro 
gen atoms. By studying the CMB, 
Cosmologists hope to understand a 
theory that's found its way into our 
most basic understanding of why the 
Universe Is the way it is inflation 

[At ts core inflation helps describe 
the cosmos’ first few factions of 
an instant, when the universe saw a 


MILKY WAY MAGNETISM. Th Exopean Space Agency: 
Planck spaecrafe team released map othe Miky Ways pola 
ized dust nDecembey, showing evidence fo ifation announced 


las year as actualy twisting fields much closer to home. 


The race to cosmic dawn heats up 


Violent and rapid expansion following 
the ig Bang. But there's no direct 
evidence fort. Some supporters 
teven say that inflation happened, it 
might not be provable. A race ison to 
find out, Tears of cosmologists are 
looking for twists in the CMB called 
Bemodes, where gravitational waves 
rippled through the early universe, 
polarizing it 

The BICEP2 team, azo using a tele 
scope in Antarctica, thought they'd 
found this B-mode polarization 
last year Other researchers quickly 
dashed those hopes. The last shreds 
of uncertainty were ripped away in 
early February when results from 
the European Space Agency's Planck 
spacecraft were released and showed 
BICEP2's instruments instead saw 
polarized dustin our galaxy. 

But hope remains for finding 
gravitational waves, The Spider team 
left Antarctica inate January and wil 
analyze thee data. BICEPS will kick off 
this year. And with the latest Planck 


data, cosmologists have abetter idea 
‘of what regions of the sky might have 
the clearest — most dust free — look 
atthe MB, 

‘Martin White, who heads the 
Planck collaboration, told an aud 
‘ence at the American Astronomical 
Society meeting in January that there 
is still exciting science to be found 
in precise CMB measurements aside 
{from inflation, “We're making a map 
‘ofall the matter inthe universe, and 
thisis what it looks like," White said 
‘8s he stood infant ofthe latest data 
Telease, That data became public in 
February. 

‘The release shows the universe was 
dark longer than expected, with stars 
forming 100 milion yeas later than 
previously thought, around 550 mi 
lon years ater the Big Bang, Evidence 
isabo building in favor of certain dark 
matter models, And the data show to 
anunprecedented level of certainty 
that the universe lato the limit 
astronomers ean test. EB, 


Unprecedented view of the Andromeda Galaxy 


SSPYING ON THE NEIGHBORS. The Hubble Space Telescope hae captured the aget and moc dete image eet taken of = paton| 
tthe nary Andromeda Galaxy (2). The new composite, reseed anuary Ia mosaic of 1 images containing! lion psa 


Shows 0,000 ight years of M3}, extending From the galaxy’ s central bulge osu 


isk and evea more than 100 millon stats. KF 


QUICK TAKES 


BYO SATELLITE 
(on January 26, steroid 2008 
AL, cruised by Earth ata cs 
tance roughly tree times the 
Eth-Moon separation This 
_asterld cared along ov 
‘inymeon 


NEW RING KING 
Exoplanet 1407 has rng 
system over 200 tes bigger 
than Sturn’, with gaps pro 
iy sulted by moons The 

planet tefiroughly 40 
pier masses. 


FIRST LIGHT 
TheNext Generation Pant 
Survey using an aay of 12 
“all inc telescopes, 

achieved fist bgt in January 
Teil serch ost tas for 
small explants 


KEPLER HITS 1,000 
eps cet confirmed ts 
‘00th exoplanet. The mis- 
Son coed th mlstone 
witha set of ight planets, 
three of which aelocated in 
thal tar’ habable zones 


SOLAR MILESTONE 
The Ak instrument on NASAS 
Solar Dynamics Observatory 
recorded 100,000000th 
Image anuary 8. alk ap 
tures he Sun at 1 wave 
Tengths every 10seconds 


SMASHING RESULTS. 
iy esutsfom the Survey of 
‘the Magen tear Story 
(SMASH) inde that the 
Maganic Clouds are ager 
than previous thought, th 
faint complexedge structures. 


SHADOW RING 
Recent Atacama Large 
aeterumiliter ray 
Imaging shows abroad gap in 
nearby Star HD 142527 rot 
planetary dek Thelnner 
regions incined 70° tthe 
cuter casting a dark shadow 


MAPPING DIBS 
Scents used the Sloan 
Dighal Sty Survey to create a 
saacticmap of use inte 
stellarbands (185, Whatever 
thelreause current 
unknown, atleast know 
‘ere they ae 


(MACHINE LEARNING 
NAS Jet ropusion 
Laboratory istraiing emput 
erstoldentiy star specta 
‘types rom ages without the 
need forfllow-upspectrs of 
human supersion.— KM. 


SECRETSKY 


BY STEPHEN JAMES O’MEARA 


A spooky 
shadow effect 


Can darkness actually jump from one spot to another? 


Ceamasing what ane can | up i oth indoors ad out 
tccinthereatoutioors1 | ‘Theberuys,youcan eal 
rreellyreccvedancmail | replete the phesorenoa, 
from Dovid Rudeen of ; 
Montague, California, who Home experiment 

noted acurousshaow cee | Take two books (on in each 


He said it starts with “strong, hhand) into the sunlight 
unfiltered sunlight casting Standing upright, hold the 
shadow onto the ground pasta __books at arm's length, making 
sharp-edged object." another sure that their shadows appear 
shadow approaches the former, well away from your own and 
he said, a weird interaction {all onto a smooth surface like 
‘occurs along the edges of the wall or deck; for the most dra 
twvo shadows jus before they imate effect, the books should 
‘meet, Essentially, as the edges be at least 3 feet (1 meter) from 
near, one ofthe shadows (the the surface. Now bring the 
‘one farthest from the Sun) two books together until their 
appears to leap out and stick to shadows draw near each other. 
the other. Spooky indeed. ‘When you see a narrow gi 

‘The shadow effect is subtle between the shadows (Image 
(until you see it!) and easily #0), ift one of the books (say 
overlooked in nature. YetT've the right one) by about 6 «0 8 
read accounts from others who inches (15 to 20 centimeters) 
have independently chanced (image #2) 


COSMIC WORLD 


‘A look at the best and the worst that astronomy and 
space science have to offer. by Eke Bate 


Supemove 
Perce 


ZereGDay —Lightoftheworld _ExoTourism 


‘Theltemetfas ——imagestiom | NASAreeasesa 
foranoldst —ofitshowiight | setofsciftsive 
ange denier | PatidMooe ffomAmerian |  thowback 
whopushedto | ApilFoolsDay | subursinceases | “Exoplanet 
CUENASAfunds | prank which | uptoSOperent | Travel Bureau’ 
in2013,n0W saidpanetry at Christmas. | postersto 
alignments Now here's champion 
willeausebref | anastronomcal_ | excursionson 
weightiessess. “feasntoget | allen worlds 
Hemustbe  theGriwalds | Skydiveona 
flosinginhis _sotonertdawn | super Earth? 
‘gavenghtoon —anatch Signme up. 
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Finally, keeping the vertical 
offset between the books the 
same, move them so that their 
shadows draw closer to each 
other (Image #3), Wateh eare- 
fully as the shadows inch closer, 
‘The shadow ofthe book that’s 
closest to the ground will be the 
fone that appears to leap (Image 
24), Reverse the position of the 
books, and you'l see the oppo. 
site shadow reach out and 

"grab" the other. 

‘The basic principle at work is 
diffraction, or the property af 
light as it bends around edges to 
create an interference pattern of 
light and dark bands. The book 
closest to the surface creates the 
darkest and most pronounced 
diffraction pattern, so it 
becomes the dominant player. 

‘As the light gap narrows 
between the books, the dom 
nant one's interference bands 
appear to move outward as an 
increasing number of dark 
bands become visible farther 
away from the dominant book 
shadow. As a result, the eye sees 
an unzesolved mass of darkness 
appear to “move outward” from 
that book and all but leap 
toward the other (a grand opti- 
cal illusion) 


Let your fingers 
do the talking 
‘This difaction phenomenon 
lea tape wey to demooaete 
2 peculiar optical phenomenon 
teem though a elescope Caled 
theblack drop elec isan 
apparent bulging Mercury's 
or Venu disk whenever the 
planet aboveteouches the 
Tas nb ofthe Sum at second 
or third eotact during tana 
So, what sme people Sacre 
beneath tha bet ts occurs 
wea the ler planets eat 
the Sun, such as Merury will 
May, 2016 
By the way, people who need 

readlog glut muy wast ty 
tala experimen ta eho 

od secog® can mimic he pe 
nemeson, Repeat the shave 
experiment ung yur lndex 
Ager front ofc compute 
screen, Place youself about 20 
inches em) from the ereen 


1 
2 | 

3 pin 

4 yn | 
The author eed two books to ceate 
‘these images that show the optical 


tffect dracon’ He dererbes the 
progression nthe text venarescnen 


and hold your fingers upright at 
half that distance, placing one a 
bit closer to you than the other 
Close one eye, and then gradu- 
ally move the Fingers toward 
fone another without changing 
their distance from you, A sub: 
stantial bulging should occur. 
‘Try this again with your read. 
ing glasses on, and the phe- 
‘nomenon doesnt vccu! 
Asalways, send your obser: 
vations and thoughts to 
sjomeara31@gmailcom. 
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ASTRONOMERS WERE AMAZED 
‘when the European Space Agency's (ESA) 
Rosetta craft arrived at the double-lobed 
‘Comet 67/Churyumov-Gerasimenko in 
‘August 2014. It looks lke a “rubber ducky.” 
But the real magic unfolded as mission 
‘managers angled their craft to within a few 
miles above the surface. From the large 
to the small in recent months Rosetta has 
‘captured stunning details of a world never 
before seen up close. Sodium-rich dust 
{grains 2 inches (5 centimeters) across and. 
larger — likely launched on the comet's 
previous trip around the Sun — orbit 67's 
nucleus, Boulders clutter the landscape. 
Pits abound from Sun-vaporized ice. A 
crack stretches along 67P's neck. “We 
believe the head and neck may be rock- 
ing back and forth,” says Rosetta scientist 
Paul Weissman of NASA's Jet Propulsion 
Laboratory in Pasadena, California, 


VITAL STATS 


Volume Porosity 
Sicublemiles 700 80 percent 
G14 ken 


Mass 
22510 pounds ~94” Fahrenheit 
(et0"kg) (70° Celsius) 
Density 

2albife 


(470 kg/m) 


‘Thats, the rubber ducky’s head might be 
turing slightly on its body, Exorcist-style. 
‘Meanwhile, 67P gets closest to the 
Sun in August, stirring the icy world to 
even greater lfe. But by May, the comet's 
southern hemisphere, previously shielded 
from the Sun, will already be illuminated. 
Engineers now expect the dormant Philae 
lander, which made a historic touchdown 
in November, will gain the solar power to 
switch on and signal from 67P's surface. 
When this trip around the Sun is done, 
ESA scientists think 67P may be a different 
place. Thankfully for Rosetta fans, there's 
already talk of an extended mission lasting 
through 2016. —E. B. 


i 


CCRACKINTHE NECK 
"Nomeed for arm: Taresa yards wide crackin Comet 
G67PS neckstetching for 03 mie (S00 meter) And the 
‘bbe ducky we lobes tent completly stable thes, 
‘ding to evdence ths palronce rated separately 


MYSTERY DUNES 
Several meter: of dust cover 67 in places, ing its ey 
‘ature and blocking sunlight rom ung bured ice 
‘25 Despite law gravtyand n atmosphere something 
= poral ete — blows that dutta nipples and dunes. 


ROCK-CLIMBER'S FANTASY 
The 2950 fot tal 900 meters Hathor ifs astallas 8 
Captain Yosemite National Parc The climbers who sale 
‘hat menolth might embleatthe lose boulders tering 
(FP neck, but they'd ertanly benefit rom low ray. 


AFRESH FACE 
Comat 675 young surfaces almost devi fimpactra: 
ters Te pls pocmarang ts landscape ae caused 
bythe Suniseffect onic, but this rare cater probably 
formed rom ected debi cashing back dan. 


BRIGHT LIGHT. A quasar a een inthis artists depiction (san active region around 2 supermassive blackhole 


inthe center of galaxy Whitin in compas tothe est ofthe gala, these energie send out Kays 


2d gamma rays seen across the universe. ote 


First glimpse of mega black hole merger 


Astronomers think they've spotted two super 
massive black holes merging forthe frst time. 
‘Theory holds tat twa colliding galaxies will 
form into one, with the black holes at their 
hearts — containing milions or even bilions of 
solar masses — also merging 

But this process has never before been seen 
in nature, and models have failed to predict what, 
itmight look like or how long it would take 

Telescopes cant see black holes but infer 
theie presence by watching gas and dust sw: 
ing around them in accretion disks. That mate 
rial spits out X-rays and gamma rays with 
incredible energy. On the grandest scale, these 
jets — called quasars — shoot from supermas 
sive black holes in galactic centers and shine 
across the universe 

‘The researchers described ther rather seren: 
dipitous merger find, wich was made using 
three telescopes to manitor some 500 milion 
celestial ight sources acrass 80 percent of the 
right sky, a the American Astronomical Society 


Mars lander 
lost and found 


On January 16, the University of Leicester 
announced that it had found Beagle 2, Europe's 
Mars lander lost for over 11 year, Beagle 2 was 
scheduled fora descent and landing on the 
Red Planet in December 2003, but after separa 
tion from the European Space Agency's Mars 
Express orbiter, tas never heard from again 
and presumed crashed. Recent images taken by 
NASA's Mars Reconnaissance Orbiter showed 
intriguing shapes near Beagle 2s planned 
landing site. A collaboration of science teams 
reimaged the area and concluded that Beagle 
2 had not crashed. Instead, it merely failed to 
fully deploy its solar arays, hiding the antenna 
itmeeded to call home, — 


meeting in Seattle. The study was published 
January 7 in Nature 

‘One light source was fram the unusual galac 
ticjat of quasar PG 1302-102. Typealy, quasar 
light arrives without pattern, but 20 out ofthe 
250,000 the team studied cantained previously 
unseen periole signals And with 20 yeas of 
data, PG 1302-102 was the best example 

Astronomers say the cycle implies aight orbit 
with another supermassive black hole that per 
turbs the system, 

‘Until now, the only known examples of super: 
massive black holes on their way to a merger 
have been separated by tens or hundreds of 
thousands of light-years” says study co-author 
Daniel Stern of NASAS Jt Propulsion Laboratory 
in Pasadena, California. “At such vast distances, t 
‘would take many milion, or even billons, of 
years fora collsion and merger to occur incon 
tras, the black holes in PG 1302-102 ate at most, 
2 few hundredths af light year apart and could 
merge in about a milion years or less’ —E.8. 


FOUND YOU. New images from the Mars 
Reconnaleance Orbiter sho the cecarded pieces of 
Beagle 2 ight where was programmed a fouch 
low. 
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OBSERVINGBASICS 


BY GLENN CHAPLE 


Runaway star 


Anondescript dwarf in Ophiuchus will move half the 
apparent width of the Full Moon in your lifetime. 


na July evening 
{in 1976, I rained. 
a Ssinch reflect. 
ing telescope on 
‘a Sth-magnitude 
star alittle less than 1° north- 
West of the Sth-magnitude star 
{66 Ophiuchi, As accurately 
as possible, Imade a drawing 
showing its postion relative 
to the surrounding field stars 
"Ten years later (oF, as relate 
tongue-in-cheek when shar- 
ing this story with friends, the 
next clear night where [live in 
Massachusetts), I revisited the 


discovered by visual means), 
more than a dozen comets, and 
the faint dwarf galaxy NGC 
66822 (Barnard’s Galaxy). A 
pioneering astrophotographer, 
his extraordinary images of 
the Milky Way revealed sev- 
eral hundred dark nebulse 
and formed the basis of A 
Photographic Atlas of Selected 
Regions of the Milky Way, pub- 
lished after his death 

Barnard is perhaps best, 
known for the discovery in 1916 
of the rapid proper motion of the 
star that bears his name. Ils tan- 
gental, or lateral, annual drift of 
bout 10.4 arcseconds is greatest 
among al stars in our night sky 
and translates to a displace 
‘ment equaling half the Moon's 
apparent diameter in a human 
Lifetime. Barnard’ Sta is a run. 
away for two reasons: It's close to 
us (ata distance of 6 light years, 
it'ssecond in proximity to the 
Sun only to the Alpha Centauri 
system), and its orbital motion 
around the galaxy’ center far 
exceeds that of most stars, 

Barnard’s Star also is moving 
toward us, Its combined lateral 
and line-of-sight movement 
equals a true velocity of 85 miles 
(137 kilometers) per second. I's 


star with the 3-inch and made 
another drawing, Back indoors, 
Teompared sketches. No doubt 
about 

about 100 arcseconds (twice the 
angular diameter of jupiter at 
‘opposition) farther north. With 
that modest litle telescope, 1 
had documented the proper 
motion ofa stat! 


the star had moved 


My observations were of 
Barnard’s Star, named after 
‘Yerkes Observatary astrono- 
mer Edward Emerson Barnard 
(0857-1923). Barnard was a 
sifted visual observer whose 
keen eye uncovered, among 
other things, Jupiter's moon. 
Amalthea (the last moon 


FROM OUR INBOX 


Corrections 
In the January “Ask Astro” on p. 34, the conversion on the 
amount of thermal energy one would gain flying through a 
supernova remnant was given incorrectly. The correct conver- 
sion is 50° F (28° C). — atronomy Editors 


(On p. 35 in the February issue, the conversion on the speed of 
the New Horizons spacecraft was given incorrectly. The velocity 
{is 9 miles (14 kilometers) per second. — Atronomy Editors 


Tolocate Barnard’ Sta fst find St- magnitude 66 Ophiue and then look about 1" 
northwest amar muta 


transpired. Although tice as 
‘ld as the Sun, Barnard! 


likely that Barnard’ Star came 
from another patt of the galaxy 
and is passing through the solar 
neighborhood. In about 10,000 
years, it will speed past the Sun 
ata distance of 385 light-years, 
tip its cap, and proceed onward 
into parts unknowa, 

‘As close as itis, Barnard’s 
Star shines ata feeble magnitude 
9.5. Compared to the Sun, this 
celestial lightweight possesses 
just Mt percent the mass and 
20 percent the diameter. With 
a surface temperature a little 
‘more than half that ofthe Sun, 
Barnard’s Sar emits most ofits 


still in its infancy and will con- 
tinue shining for as many a8 3 
to4 trillion years. Ta put things 
in perspective, if Barnard’ Star 
hhad a 75-year human life expec- 
taney, the Sun would endure 
for less than three months and 
‘mighty Rigel would survive for 
about two hours! 


Barnard uncavered the 
proper motion of his star a cen- 
tury ago; I captured it same 30 
yyeats ago, Now it's your turn! 
Use the StarDome atthe center 
of this issue to find Beta (B) 
COphiuchi in your May sky, and 
then use the sar chart above 
to help you locate Barnard’ 
Star, As accurately as possible, 
sketch its postion relative ta 
nearby field stars, concentrat 
{ng on those to the north, the 
direction Barnard’s Star is 
‘moving. Ify 
ager be sure to include the area 
‘where Barnard’ Star will be 
when you make your follow-up 
image. Keep your sketch or 
‘mage in a safe place. A year or 
{wo from now (for imagers) or 
five to 10 (or sketchers), make 
your follow-up abservation, 
Let's ust hope it doesn't coin: 
cide with the next clear night 
from your locale! 

Questions, comments, 
‘or suggestions? Email me at 
agchaple@hotmail.com. Next 
‘month: Happy Asteroid Day! 
Clear skies! @ 


energy in red and infrared wave- 
lengths. I's a textbook example 
ofa red dwarf — a relatively cool 
and faint main sequence star of 
spectral class M. 

Red dwarfs constitute the 
bulk ofthe main sequence 
denizens ofthe galaxy, mak: 
ing up an estimated two-thirds 
to three-fourths of the entire 
stellar population, What they 
lack in size, they make up for in 
longevity. Because oftheir small 
mass and resulting low invvard 
gravity pull, red dwarfs expend 
their hydrogen fuel far more 
economically than do more 
massive stars, A blue supergi 
ant like Rigel wil last about 10, 
rullion years before possibly 
being snuffed out in a type I 
supernova explosion. The Sun, 
an average-sized G-type sta, has 
allie expectancy of 10 billion 
years, half of which has already 
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Mysterious burst caught live sien 


samples ofa class 
that range in bright 
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| 2007, while searching through the burst in mare wavelengths. ness froma milion 
archival data from the Parkes radio The result: No optical, infrared, times the Sun's lumi 
telescope in Australia astrono- ultraviolet, or Xray afterglow in pasity to neatly one: 
mers came across an unusual the exact same spot came up. millionth, 
‘occurrence: a sharp flash of radia “That initelf ules out some 

waves lasting only milliseconds. possible candidates, such as long 

Subsequent archive analysis ‘gamma-eay bursts and nearby istrondl 


Fevealed sicmore of these “ast Supernovae," says team member 
radia bursts” from Parkes data and Mansi Kasiwal of the Carnegie 
tne from the Arecibo telescope in Institution in Pasadena, California, 


ig 
H 
EI 


Pero Rico. But other than use" Thetenns analy published HH 

ing that these lshescame ftom Fabruty vin Month Rotces of 5 

tienda gala astonomers the faye Asbonortea Soci Ei 

were stumped stot source, cates that the source of the burst Fy 
‘year ago. though, the mystery — which ill could be foma short, 

suaredtounaselasagupusig _ganmaray bust an molding E 

las herved aft ada burst|tmutrn sty cra Gant are fron 

hath akineddanotattap: tnenienel/magneticnesson’ | 1Oyears ago 

pened Thisalowed theteamto’ starcaledamagnetar-—-wasas_ in Astronomy 

Eigguraseriesofflow-op obser ary an blkon lighters Rasalan tee 

Watton on 12 telescopes around awayand is nearstrong magnetic ‘ohn demued the 


the globeto study theloration of fields. —K.F 


future of spaceflight 
with Astronomy in 
May 2005. ome pre 
dictions played out, 
while others remain 
Walpha Centaur elusive, The X-Prize 
‘Aand Canopus was won and space 
were the same shuttles retired, but 
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Alpha Centauri A 4 distance rom private space station 

me ol Earth, Canopus tripe are stil in deve: 
would appear 575 opment, allowing 

mae times brighter Russia to price gouge 
than Alpha Cen A. NASA. Human mie 
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AST ONEW! ‘SATURN PINPOINTED. NASA's Cassini spacecraft and the National Science Foundation’s Very Long Baseline Array 
TAU teamed up to determine Saturn's position to within a mile — not bad fora distance of nearly a billion miles. 


Black hole’s record-setting burst 


Sometimes when astronomersare state and some three times more 
studying an abject they chance _intense in Xrays than the previous 
Uponasurpriseno one expected. record-holder. And then, just over 
‘That's exactly what happened to __ayear later, Chandra witnessed a 
“Amherst College's Daryl Haggard and Second outburst, this time 200 times 
colleagues while they were observ brighter than usual. 

ing the G2 gas cloud ast encoun Haggard and her team have two 


tered the Milky Way’ central super. hypotheses for what caused the 
massive black hole ths past year. The _megaflares: Either debris from a 


Massachusetts professor unveied _forn-apart asteroid coming too clase 
her team's discovery January at to Sagittatus A" overheated, or the 
the Ametican Astronomical Society magnetic field lines within the gas 
meeting in Seattle surrounding the blackhole became 
(On September 14,2013, during _ tangled and ultimately reconfigured 
262 observing campaign with the themselves, producing an outburst 
Chandra X-ray Observatory, theteam —_“Atthe moment, we cant dis 


detected the largest Xray flare ever tinguish between these twa very 
Seen from our galaxy's supermassive different ideas,” Haggard says. I's 


blackhole, know as Sagittarius A” exciting to identiy tensions between, 
(pronounced A-star)-This*mega- models and to have a chance tore 
XGRAY ACTIVITY. fstronamershave observed the largest Xray flare ever fate” was some 400 times brighter salve them with present and future 


‘emitted by the Milky Way's central supermassive backhoe than our blackholeisina quiescent observations” — 
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Europe — 


COLLISION THEORY. 
‘Our Mons key the atest type, 

Gallen satelite probably formed out ofthe same are an highly acer hgh incline, formed aut ofthe eectafrom 3 

Primordial gas and dust that formed the planet You orevenetrograde (Neptune's Tito) obits. oF najorcollsion Between Earth and 

Ean think ofthe Juptr system much Ikea scsled- they may havesupicoudy aepherisl hapet Shother planet zea body 

down solarsystem. (Mars Deimos, These ae aly captured asteroids ‘eee re 
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What's new at Astrono 
BY KARRI FERRON 


y.com, 


REGISTER TODAY! Go to www.Astronomy.com/register 
for access to bonus articles, photos, videos, and more. 


Trips & Tours 


Travel the world with 
Astronomy magazine 
ifyou could take one astonomy-related vacation 
inthe next few years, what wouldit be? How about 
an Arctic Sea crise to witness the northern lights 
ran adventure in Indonesia to experience atta sola edie? And what i 
{you could be guided by loca experts a wel sectors from Astronomy? 
“Tanks to the magazines new partnership with TavelQuest, 
International a top-rated travel company dedicated t astronomy themed 
trips, yu can stat your vacation planning now. We aeady have two 
cellent opportunites lined up: chasing the aurora boreal along the 
Norwegian coast in October 205 and witnessing the March9, 2016, total 
2olar eclipse from the ext alands of Indonesia. Each tour features great 
amenities, insight ito foal eultures, exiting and educational excursions, 
information fram local experts, and guidance from one of Astronomy’ ed. 
tors, Find detailed itineraries for these amazing adventures and book your 
spot today at www. Astronomy com/magazine/trips-tours 


TRAVEL 


OBSERVING TOOLS 


Spring observing videos 
Each season, Astron editors produce thre videos outining showpiece 
objects currently In your right sky. Senior Eclitor Michael Bakich gears one 
ideo toward beginning observers and eat targets including Mercy 
Saturn and Apis nar eclipee. In another, he focuzes on spring objects 
you can se through a smal telescope, including the Owl Nebula (M97) and 
the Whirlpool Galany (MS). And finaly, Editor David cher shares YOof 
bis favorit springtime deep 2ky objects, from Centaurus Ato the Coma 
Custer of alates. Check them out at www.Astronomy,<om seasons 


comMUNITY 


Reader Photo Gallery 

Browse beautiful astroimages lke this one of spiral, 
Galaxy IC 356 by Markus Blauensteiner, Submit your 
wn at www.Astronomy.com/readergallery. 


Blogs from the Local Group 
Get the inside scoop on special events, ind analy of news stories, learn 
thw people are growing inerestin the hobby, and dlscover much more 

fram astronomy’: editors and contributor: a www. Astronomy.com/blog 
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Huge Rebates on Vixen Telescope and Mount Packages 


For over 65 years Vixen hasbeen synonymous 
with high quality precision optics and innovative 
Go-to Mounts. Whether you choose the VMC200L 
and Sphinx SX2 Mount or the AX103S Refractor 
and Sphinx SXP Mount, you can be assured of 
great views and highly accurate tracking. Check 
‘out these Rebates on ouir most popular packages 


Price Rebate Your Cost 
Sphinx SX2and A80M $2599 $300 
Sphinx SX2 and VMC200L $3499 $350 
Sphinx SXD2 and ED103S $4999 $500 
Sphinx SXP and VC200L $5699 $500 
Sphinx SXP and AX103S $6999 $700 


vi 
See the full list at vixenoptics.com cs4 


When Quality Matters, Vixen Mounts and Scopes are the Clear Choiees| “osc 
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Rebates up to $700! 


n't say when I 


ing anything me 


than my Tele Vue product 


C, TX Tele Vi 


You'll receiv 


F ~Eipert 
analysis of 200+ telescopes, bins, 
‘Gamers and moe! 

3 “fou pecan le 
forfocating stars, plane, asteois, 
and moe! 

4 —24 oomable sar chans 
Shaw 45 000 stasand 00 deepshy 


objets! 

2 —Yourroad map to 
each month observable celestial evens! 

" ~The informative source 


Why Are Tele Vue Products So Good? 
Because We Aim to Please! 


ica rastmeecrcrn tae For over 30-years we've created evepieees 9 cia | 
planation, and telescopes focusing ona singular target ee 
. ~Avastcoleton Ueliver a customer experience *..even beer Af 

of pltures, moves, and audio, shan you imagined.” Tele Vue products prom 

+ many mare Web site tae: . fea 

ENR dept eatery side an observing experience as exquisite in g Pont | ors 


hay Dive, Chase, New Yk 10918 


NORTHEAST 
ASTRONOMY FORUM 
& SPACE EXPO 


WORLD’S LARGEST ASTRONOMY & TELESCOPE EXPO! 
Bringin i 
salar observin 


FEATURING 
MARC RAYMAN NAS, 
PETER SAULSON Spok 
MATT PENN Kitt Peal 
DAVID EICHER Astron 


‘SHOW HOURS: SAT 8:30-6 PM, SUN 10-5 PM. 
Only 30 minut cl 


DON’T MISS THE NORTHEAST Dos G 
[ASTRO IMAGING CONFERENCE n Boudat Christop 
‘APRIL 16-17, 2015 ATNEAF = Thierry Le ke Dan Uewellyr 


Failed stars =~ 


‘The brown dwarf Gliese 2298 looms above the 
surface of hypothetical rocky planet. The 
‘brown dwart, which likely sports a turbulent 
atmosphere, orbits the ruddy low 

(Gliese 229A depicted a right. 


The little stars that 


24 ASTRONOMY « 


thout enough heft to ignite 
under their own power. In 
they are 


centists call “degenerate’ 


to understanding why solar 
serve as clocks for determining 


throughout the galaxy — if 
san pin down how 
hange with time. 

They show us that oue [stellar] 
evolutionary mod 

s Emily Rice, an 

American Museum of Natural 
History and th 
Island in New 
dwarfs have had a habit of defy 
expectations, and their sheer va 


‘Thefaint light of low-mass 
brown dwarf TWA SB shows as 
a small dot above center, TWA 


surrounding them 


From theory to reality 
Astronomer Shiv Kumar, then at NASA’ Goddard Spac 

in New York, first proposed the 
aris in the 1960s. Kumar constructed mod. 
nd found the mass limit for objects capable 
sdrogen — about 0.07 solar mass fora gas cloud with 


als of low-mas: 


imilar composition to the Sun and about 0,09 solar mass for 
‘one made of pure hydrogen, Such an object would contract until 
it reached a certain re exerted by degenerate 
electrons c lowest possible energ 

At the time, Kumar 


Brown dwarfs — objects that 
form like stars but without 
enough mass to fuse‘hydrogen 
— are shedding light on the 
births of both-stars and solar 
systems. By Jesse Emspak 
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own dwarf Gliese 2298 turned up in 1995 asa 


at the SETI Institute in Mountain View, 
California, proposed the name "brown 
dwarf” and the moniker stuck. 

Yet it took until 1995 to finally see one, 
when astronomers discovered Teide 1 in 
the Pleiades star cluster. After that, the 
sightings came thick and fast — astrono- 
‘mers now have identified more than 1,000 


ip next to its bright companion, Gliese 229A, 


‘through Palomar Observatory’ .5-meter telescope (lft. The Hubble Space Telescope resolves 
iemore clearly ight). wna cues cyt ase asaneasen cans mnie 


But brown dwarfs behave differently. 
Lacking the mass of stars, they don’t gener: 
ate the necessary heat and pressure at their 
cores to turn hydrogen into helium. The 
core may get hot enough to fuse deuterium, 
a heavy isotope of hydrogen with one neu: 
‘on, or even lithium. But neither process 
lasts long because such elements form only 


In fact, the only place that water clouds have been 


definitely observed beyond the solar system is on 
cool Y-class brown dwarfs. 


brown dwarfs thanks to better detectors, 
particularly in the infrared part of the 
spectrum where brown dwarfs radiate most 
of their energy. The big players include the 
‘Two-Micron All-Sky Survey 2MASS), the 
Spitzer Space Telescope, and the Wide- 
Field Infrared Survey Explorer (WISE) 

‘With greater numbers, however, has 
come greater complexity 


Acting your age 
Stats fuse hydrogen into helium dur- 
ing most oftheir lives, stage scientists 
refer toas the “main sequence.” A stats 
size depends on the balance between the 
inward pull of gravity and the outward 
push of gas pressure caused by heat. 
Heavier stars go through their stores of 
hydrogen faster, and thus are more lumi 
‘nous, and a stars color and size tend to 
stay the same until i's almost out of fuel 
(Once you know a star's mass, intr 


luminosity, and coloy it's not difficult to 
put constraints on how old itis and how 
Tong it wil iv. 


a tiny percentage of a brown dwa’s mass 
Electron degeneracy puts a lower limit on 
the size ofthe dwarf, which cools slowly as 
it radiates away its internal heat. 
Astronomers classify brown dwarfs 
asL,T,and Y, running from hottest 
to coolest. Theoretically 
this sequence also should 
run from youngest to old- 
est, reflecting the dwarfs! 
slow cooling. 
“Stars stay on [the main 
sequence] and at an abso 
lute brightness and color for 
along time,” says Adam 
Burgasser, an astrophy 
atthe University of Cal: 
fornia, San Diego and head 
ofits Cool tar Lab, While 
its possible to put alower 
limit oma star's age, the 
evidence is indirect until 
they start moving off the 
sain sequence. “But the 
luminosity ofa brown 


cist 


The young brown dwarf TWA, 
58 (top) emits X-rays. The 
‘-milion-year-old object 
spins quickly, which tangles 
its magneticfield and heats 
the atmosphere to millions 
of degrees. TWA SB orbits the 
‘lose binary TWA 5A (bottom). 
Avisible-light image ofthis 
system appears on p. 25.15 


dwarf is the main thing we measure — it’s 
more directly accessible — so ifthat is time 
variable, its a much better clock” 

The problem is getting a good handle 
‘ona brown dwarf’s mass and, from that, 
the rate at which it cools, A massive brown, 
dwarf will lose heat much more slowly than 
ales massive one, 

The difficulty of determining a brown 
dwarf’s mass stems from theie location — 
they often exist in isolation. A companion 
star or planet makes the task easy because 
scientists can measure the dwarfs gravita 
tional pull and thus its mass. So the key, 
says Burgasser, isto find lots of brown, 
dwarfs in binary systems. "A lot of work is 
being done to make that a reality,” he adds, 

‘Another way to learn a brown dwarf's 
age isto measure its surface gravity. By 
breaking down an object’s light into indi 
vidual colors, a spectrum can show not 
‘only what compounds are in the brown 
dwarf’s atmosphere but also the gravita 
tional force there. In stronger gravity fields, 
spectral lines broaden because the atmo- 
spheric gases are more compressed and 
therefore the molecules move more rapidly. 
So, by looking at the width of spectral 
lines, scientists can estimate a brown 
<dwarf’s surface gravity, which in tuen tells, 
them how much it has contracted and thus 
approximately how old it is. 


True colors and 
stormy weather 
‘Meanwhile, some astronomers strive to 
see into the atmospheres and come up 
with models that describe the clouds there. 
Brown dwarfs are cool enough to have 
weather, but it isn't like anything on Earth. 
For a brown dwarf, 

cloud composition depends 
oon temperature, Younger 
objects are relatively hot, 
sometimes up to about 
3,000 kelvins. As the dwarf 
cools, different compounds 
will condense. At higher 
temperatures, the clouds 
sight be made of silicon or 
iron, while lower tempera 
tures mean clouds of meth 
ane ot water. In both cases 
alot of complex molecular 
chemistry takes place 

{In fact, the only place 
that water clouds have been 
definitely observed beyond 
the solar system is on cool 


Y-class brown dwarfs, Jackie Faherty, an 
astronomer at the Carnegie Institution of 
Washington and the American Museum 
‘of Natural History, recently published a 
study of a particularly cool dwarf with a 
temperature of only about 250 K (-10* 
Fahrenheit) and a mass of six to 10 Jupiters, 
“What I think that I have isthe first object 
that there's verifiable evidence of water 
clouds outside our solar system,” she says, 
The object, cataloged as WISE 0855-0714, 
lies only about 7 light-years from Earth, 
‘Another way of using a brown dwarl’s 
atmosphere to get at deeper truths involves 
looking at how much light it lets through 
Kay Hiranaka, a graduate student at 
Hunter College in New York City, is work: 
ing on how to identify a brown dwarf’s age 
by how deep into the dwarf an observer 
can see. A younger, warmer brown dwarf 
will tend to have a thicker atmosphere. As 
the dwarf cools, heavier elements will con: 
dense into larger droplets and dust grains 
that eventually rain out of the atmosphere 
So, as a brown dwarf ages, it should 
become less cloudy, making it easier to 
see light from deeper in the interior 


Adding complications 

But the story of brown dwarf atmospheres 
isnt so simple, Hunter College astronomer 
Kelle Cruz (Hiranaka's advisor) has been 
studying the spectra of low-mass brown 
dwarfs using 2MASS data for more than 
a decade. In a 2009 study published in 
The Astronomical Journal, she found that 
while many ofthese objects had spectra 
that looked normal, some showed absorp. 
tion lines that didn't match expected 
strengths, and the overall light coming 
fiom the dwarf was either bluer or redder 
than it should be. 

For example, Cruz found thatthe spec 
teal lines for sodium, cesium, rubidium, 
potassium, iron hydrides, and titanium 
‘oxide were weak while those for vanadium 
oxide were relatively strong. These results 
differ from most brown dwar 
class but with higher surface gravities 

‘Another odd aspect ofthe spectra was 
lithium, the third-lightest element. In ordi 
nary stats, lithium atoms fuse with hydro 
gen to create two helium nuclei, so the 
lithium gets depleted quickly. No object 
below 65 Jupiter masses (0.06 solar 
mass) can build up enough 


s of the same 


[NASA's infrared-sensitive Spitzer Space Telescope captured tis pair of brown dwarfs (at center) lurk 


ing inthe confines of the dark nebula Barnard 21 


oftheir energy at infrared wavelengths xis catnc sua eat 


NASA's Wide Field infrared Survey Explorer has ts 


green object at center is one of the coolest the telescope has found, glowing at about 600 kelvins. 


heat to fuse lithium, which means that it 
should show up in absorption spectra 
Many of the low-mass objects Cruz and her 
colleagues studied failed the so-called lith: 
Jum test, however, because they showed 
none of this element. 

Cruz's team considered various expla 
nations for the lack of lithium and con 
cluded that the dwarfs’ low gravity is the 
likely culprit. Cruz says clouds also may 
help block lithium’ signature. For example, 
brown dwarf with lots of dust particles in 
its atmosphere might preferentially scatter 
shorter wavelengths of light where the lith 
jum lines occur. 


own dwarfs are cool objects that radiate most 


Clouds also have been a focus of 
Stanimir Metchev, an astronomer at the 
University of Western Ontario in London, 
ho studied brown dwarf rotations to learn 
‘more about these atmospheric phenomena, 
By tracking the brightnesses of the dwarfs, 
he could use the variability to map visible 
features. “It’s the oldest technique in 
astronomy.” he says, “just measuring the 
total brightness over time. 

“The bottom line from our study of 
‘weather on brown dwarfs is that virtually 
all of them have spots on their surfaces, 
pethaps not much unlike the weather sys 
tems that we observe on Jupiter and other 


‘Astronomers used the European Southern Observatory’ Very Large 
Telescope to make these weather maps ofthe nearby brown dwarf Luhman 
168, one ofa par discovered in 2013. The 16 equally spaced views record 
‘one full rotation of Luhman 168, 


Luhman 16 some 65 light years away. The p 
moved between the two images combined here, 


soit shows as separatered and green dots. 00 ma 


the models for haw the 
luminosities of these 
“objects change over time, 
Astronomer Trent Dupuy 

of the University of Texas at 
Austin recently found evi 
dence that the models are 
off, pethaps by as much as a 
factor of two. He looked at 


for example, is also hotter 
than it should be according 
to models that work well for 
Jupiter. "On the one hand, 
they ate a factor of two off” 
he says. “On the other, is 
only a factor of two.” 


giant planets in the solar system,” he says 
“The state-of-the-art understanding before 
‘our survey was that spotted brown dwarfs 
may be confined to a narrow temperature 
range, between 1,300 and 1,500 K, where 
their atmospheres were expected to 
undergo the greatest changes because of 
the disruption of silicate [dusty] clouds. 
‘Our survey has shown that these clouds 
are visible in all brown dwaris, not on just 
those special ones.” 

In addition, Metchev found that 
younger, hotter brown dwarfs show a 
{greater temperature contrast between 
regions than older ones. Temperature 
contrasts across a dwar!’ surface provide 
the driving force for storms that can be 


a 


pin c 
Metchev and his colleagues 
found that the rotational 
periods of brown dwaris 
don’t match theory either. As 
a body gravitationally con. 
tracts, the law of conserva: 


The brown dwarfiSO-Oph 102 


abinary system for which Thebrown da 


he could get an accurate 
mass for the dwarf and 
checked its luminosity 
against available models, 
He found that the dwarf 


and shows up at radio wave- 
Tengths, ss sscnasinuaes 


tion of angular momentum 
dictates tha it will rotate 


was too bright given the 
system's estimated age. 


every bit as violent as those on Jupiter or 
Saturn, and possibly many times that size 

Clouds on brown dwarfs also can add 
complexity to 


Discovered: 2014 
light-years 


* atightyear 
Bamards Star 
Discovered: 1916 


Luhman 164 and 8 
Dis 


Alpha Centauri 
Discovered: 1839 


Dupuy thinks a big reason is that the 
clouds are irregular — no planet or dwarf 
is uniformly cloudy everywhere. At the 
same time, clouds act like a blanket 
and help the dwarf hang on to more 
‘energy. Models, he says, tend to 
assume that temperatures 
are uniform across the 
surface. 
Dupuy doesn't 
think the dis. 
crepancy is too 
bad, Saturn, 


vered: 2013, 


ima Centauri 
covered: 1917 


{aster like a spinning figure skater who pulls 
in her arms, Although the researchers found 
that a significant fraction of brown dwarfs 
spin in about 10 hours or mote, Metchev 
says the expected average should be even 
faster, Without tidal forces — from a planet 
orbiting the brown dwarf or the dwarf cir 
cling a star — there are not many ways to 
slow down a rapidly rotating object. 

‘One possibility would be for the dwart’s 
‘magnetic field to couple with the interstl: 
lar medium, The problem with this idea is 
that there might not be enough matter to 


‘Brown dwarts seem to be ubiquitous, with astronomers estimat 


1855-0714 — located within 7 light-years of our solar system. 


‘generate a coupling strong enough. “Within 
about 300 light-years of the Sun, we're in a 
local bubble,” says Metchev. “A long-ago 
supernova cleated this region.” 

you go? 
These problems connect with how brown 
dwarfs are born in the first place. Before 
they were discovered, it wasn't clear how 
they could form at all 

University of Western Ontario astrono 
mer Shantanu Basu, who studies sta for 
‘mation, says that most scientists around 
1990 said that forming a star would require 
a gas cloud of atleast one solar mass. But 
‘most stars are smaller than the Sua, so 
clearly it’s possible to generate objects with 
lower masses, pechaps through fragmen- 
tation, But can you get down as low as 
abrown dwarf? 

“W's actually rather hard to get some- 
‘thing that low mass to collapse directly.” 
says Basu, He adds that the debate now is 
whether brown dwarfs form “top down,” 
from collapsing gas clouds as stars do, or 
“bottom up,” by accreting matter like plan. 
ets, The evidence is not conclusive, and it's 
possible that both processes occut, 

‘Astronomer Kevin Luhman at 
Pennsylvania State University isn't so sure 
“L think that observations indicate that 
‘most brown dwaris probably form in the 
same manner as stars, through the gravita 
tional collapse of a cloud core,” he says. 
“They are just born from smaller molecular 
cloud cores than star 

t's possible, he adds, that turbulence 
‘within the gas cloud causes some parts of 
it to turn into stars and others into brown 
dwarfs, Through surveys of star-forming 
regions, he has found objects as small as, 
0.005 solar mass (about five Jupiter). 

Basu notes that a protostar’ accretion 
disk can contain a lat of mass, so it’s pos 
sible that brown dwarfs form the same way 
as gas giant planets, Ifso, some of these 
bodies should get ejected into deep space as 
they get jostled. This could happen even 
before they have fully formed — creating 
clumps of half-contracted matter that even 
tually will form free-floating brown dwarfs, 

If true, alarge number of free-floaters 
should exist in star-forming regions and 
at the periphery of local star systems. 
The problem with confirming 
such objects is that their 
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| Mass Uupter masses) 


Brown dwarts occupy the broad range of objects from roughly five to 75 times the mass of Jupit 
though the boundaries are somewhat fuzzy. The biggest and hottest (class L) define the limit at which 
hydrogen fusion begins (larger objects are stars}, while the coolest and smallest (class) transition 
into gas giant planets. allthe intermediate class T objects can fuse deuterium, sw sonensy 


ejection speeds would tend to be slow, on. 
the order ofa mile per second, which is 
equivalent to moving a light-year in a few 
hundred thousand years. So, it would be 
difficult to tell ifa brown dwarf formed in 
place or elsewhere. 

‘Basu hopes new observations with the 
Atacama Large Millimeter/submillimeter 
Array in Chile will reveal brown dwarfs in 


the dust disks surrounding stars. Isolated 
brown dwarfs have been observed, though 
its not clear yet if they were ejected froma 
parent system, “We don’t have any observa 
tions of the early stages, the first 10,000 
years.” he says. 


y boundary between brown dwaeis 
and giant planets is part of what makes 
these objects worthy of study, says Faherty. 
“Some of these would be without question 
a planet [they rbiteda star} 


‘And their masses can get lose to some of 
the Jupiter-class worlds found by the Kepler 
space telescope. "It's a gateway to under 
standing giant exoplanets,” she says. 

“One reason brown dwarfs ate interest 
{ng is that they allow us to study the pro 
cess of star formation over avery wide 
range of masses, from 100 solar masses to 
0.005 solar mass [and perhaps lower}” says 


Luhman, “At the same time, we can exam. 
ine how planet formation varies over that 
same range of masses for the central ‘sun, 

By doing so, we can test theories for star 
formation and planet formation since those 
theories often make predictions that 
depend on the stellar mass. 

Tat’ part of what makes the study of 
brown dwarfs so exciting, says Faherty 
‘When we study the origins of these objects, 
“Wete playing detective for something [that 
happened anywhere] from 10 million to 
3 billion years ago!" @ 
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North vs. South ae 


A northerner’s view 
of the southern sky 


Stephen baives O'Meara weighs i in: Does the Southern : 
Hemisphere really have all the good stuff? 


uring my 50-odd years of skywatching, I've had the 
‘opportunity to live under the stars from different 
locations across the globe: | grew up with them 
near Boston (42° north latitude), spent 20 years 
under dark Hawaiian skies (19° north), and cur- 

rently live in Maun, Botswana (20° south), The farther south | 

‘moved, the more majestic the skies became. 

Or did they? Do the skies south of the equator hold more 
visual wonder than those north of it? Or do the southern 
skies inspire me only because I'm seeing them with new 
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eyes? Will the novelty of the south eventually wear off and 
my yearning for northern starscapes return? 

{s for the last question, m not sure, but I do believe that 
‘our first views of the stars remain paramount. They are the 
foundation upon which we build a relationship with the sky 
and influence our perceptions of it. 

Before I dive into my own personal impressions of some 
southern-sky splendors, let's look at how major types of 
deep-sky objects are distributed across the heavens. How do 
the two celestial hemispheres stack up against each other? 


Bright stars Se 
Of the 170 brightest stars in the night sky 60 percent have 
southern declinations, meaning they appear below the 
celestial equator, an imaginary line obtained by projecting 
Earth's equator onto the sky. The brightest three stars are 

all southern belles: Sirius (Alpha [cl] Canis Majoris), Canopus 
{Alpha Carinae), and Rigil Kentautus (Alpha Centauri). Of the 
25 brightest stars, 14 shine south of the celestial equator, with 
eight of these becoming invisible from mid-northern lati 
tudes; all 25 remain visible from mid-southern latitudes, 


“The southern Mik ay above ite Atacama Desert competes ere with 


storm cloud and city lights, yeti stil emerges vieorious, Notethe Large 
_Magelniecoud tothe lower ight of cent 


rare 


Openistar clusters 

North and south share the'sky’s open starclusters. Of the 250 
most prominent, 50 are invisible from mid-southern latitudes, 
including the Ursa Major Moving Group (Collinder 285), the 
Alpha Persei Cluster (Melotte 20), and the Double Cluster (NGC 
‘869 and NGC 884), Likewise, about 60 lie out of sight for mid- 
northem observers, including the Jewel Box (NGC 4755), the 
Southern Pleiades (IC 2602), and the Omicron Velorum Cluster 
((C 2391). But looking only at open clusters brighter than Sth 
magnitude, almost twice as many have southern declinations. 
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‘The Tarantula Nebula (NGC2070)is bright despite the fact that it les 
‘ot within the Milky Way but in the Large Magellanic Cloud. tx aran0 


‘The Southern Pleiades (C2602) isa gorgeous open custerin the constlla 
tion Catia the Keel wuc.oin 


‘Omega Centauri (NGC5139)is the brightest globul 
lemay contain as many 2510 milion stars. 


‘lusterin the ay. 
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Globular star clusters 
Of the 58 globular star clusters &th magnitude and brighter, 50 
have southern declinations, including the brightest seven, 

th Omega Centauri (NGC 5138), 47 Tucanae (NGC 104), and 
M22at the top of the list. The north has only eight globular clus 
ters in that magnitude range, and observ 
Tatitudes can see all of them, 

In contrast, observers at mid-northern latitus 
of the brightest southern ones. 


from mid-southern 


cannot see 15 


Bright nebulae 

When we examine the 65 brightest diffuse nebulae, 37 have 
northern declinations. Twelve ofthese are invisible from mid- 
southern latitudes, while northern observers cannot see eight. 
Nevertheless, by far the largest and brightest on our side of the 
galaxy — the Eta Carinae Nebula (NGC 3372) — and the larg. 
est and brightest naked-eye nebula in another galaxy — the 
Tarantula Nebula (NGC 2070) inthe Large Magellanic Cloud 
~ lie deep inthe southern sky and are invisible to mid-northern 
‘observers. Even the mega-nebula complexes that so many northern 
skywatchers enjoy, such asthe Orion (M42), Lagoon (MB), Swan 
(M117), and Tifid (M20) nebulae, all have southern declination. 


Galaxies 

Some 60 percent of the brightest 100 galaxies have norther 
declinations. OF them, 17 are invisible to mid-southern observ- 
ers, Northern Hemisphere observers can see all but four of the 
southern ones. But of the 10 brightest naked-eye galaxies — and 
Tinclude the center of the Milky Way and Omega Centauri (the 
core of a captured dwarf galaxy) — the southern sky lays claim 
to six, with the Milky Way and the Large and Small Magellanic 
Clouds topping thelist 


Planetary nebulae 

Ifwe look at the 95 planetary nebulae magnitude 13.0 and 
brighter, 59 have southern declinations, and 21 are hidden to 
mid-northern observers. Only 10 of the northern nebulae remain 
invisible to mid-southern observers. By far the brightest and most 
striking examples — the Ring (MS7), Dumbbell (M27), Eskimo 
(NGC 2392), and Owl (M97) nebulae — lie north ofthe celestial 
‘equator. All but the Owl Nebula, however, are also visible from 
mid-southern latitudes 


Dark nebulae 

Of the 1d most famous dark nebulae, which includes the 
Horsehead Nebula (Barnard 33), the Coalsack, parts of the Rho 
Ophiuchi region, and the Pipe Nebula (Barnard 59/65-6; 

the distribution favors the south, where all but four of these 

lie, Indeed, the region surrounding the Milky Way's core is an 
undisputed treasure-trove of dusty cobwebs (both naked-eye and 
telescopic). Because the galactic hub provides such contrast, these 
dark nebulae are without question among the most remarkable 
features of the southern Milky Way. 


The yin-yang principle 

1 will say this: Seeing the Sagittarius region of the Milky Way 
— the center of our galaxy — directly overhead has to be the 
greatest naked-eye wonder ofthe permanent night sky. This 


Stephen James O'Meara sa contributing editor and “Secret Si 
«columnist for Astronomy. 


‘vaulted ceiling of misty starlight, dappled with dark patches and 
anchored from horizon to horizon, arches to the pinnacle of the 
sky before it plunges deep into the imagination, One has to truly 
raise his or her head, as ifin veneration, to admire the full-on 
glory of our galaxy’s hub in this way. If there is a visible soul to 
the naked-eye sky, this is it. And the phenomenon is visible only 
from mid-southern latitudes. 

But, as the glam band Poison sang, “Every rose has its thorn.” 
The scene I just described is not typical because it occurs after 
sunset during winter in the Southern Hemisphere. During the 
summer, a weak stretch of Milky Way — from Perseus to Vela — 
looms low above the eastern horizon, where it appears faded 
because of how much atmosphere I'm looking through. Replacing 
the Milky Way at the zenith isthe bleak south galactic pole, which 
sits in Sculptor surrounded by largely anemic constellations. The 
‘view is the very antithesis ofthe early evening winter sky, and any 
‘one traveling to the Southern Hemisphere with visions of galactic 
‘grandeur dancing in theis heads surely will be disappointed. 

‘Observers at mid-northern latitudes also have dramatic 
swings in views of the Milky Way, but theirs are overall less for 
tunate. When the Milky Way is overhead in winter, the galactic 
anticenter is highest in the sky. And during times when the awe 
inspiring hub does make an appearance, it always looms low 
above the southern horizon. This means that one of the mo: 
beautiful regions of the Milky Way — stretching from Centaurus 
to Carina — is invisible from this region. 


Polar opposites 
Ifthe southern winter Milky Way isthe soul of the night, then 
the deep south polar region is anything but. Here we have a 


celestial landscape largely devoid of character. Much of itis like 
the remains of the day — a failed attempt to build cathedrals out 
oflleftover celestial scraps; the result is uninspired collections of 
faint constellations, many of them cold and lifeless (Antlia the 
Air Pump, Caelum the Chisel, Fornax the Furnace, ete) with 
little or no mythologies. When guiding others through these 

hard to breathe life into, say, Octans the Octant, a dim 
and formless spread of three faint stars no brighter than 4th mag. 
nitude with a soul made of steel. 

The north polar region is by comparison a celestial palace with 
‘golden streets. The wonder and significance of the gilded North 
Star and its two principal attendant constellations, Ursa Major and. 
Cassiopeia, ate without compare. So obvious and familiar are their 
forms, and so rich and endearing are their collective histories, that 
all are as much a part of humanity as any story or artwork passed 
down through the ages. 

‘Never mind that Polaris (Alpha Ursae Minoris) isa solitary star 
‘of second-class brightness (the 42nd-brightest star in the night 
sky), this diminutive beacon has a history that predates the Bible. 

significance throughout the ages surpasses that of the 
Milky Way. Despite its brightness, Polaris is number one when it 
‘comes to importance. One thing I'm certain of: You won't find a 
poet singing the praises of Sigma (6) Octantis, the 5th-magnitude 
counterpart to Polatis near the South Celestial Poe. 


Eta Carinae vs. Orion Nebula 
‘great Eta 
magnificent example of an emission nebula. It's easy to see with 
the unaided eye, looking like a misty clover of light about mid: 
"way between the False Cross asterism and Crux the Southern 
Cross. The binocular view shows the diffuse region surrounding 


The southern 1rinae Nebula is the heaven's most 


‘The Pipe Nebula (Barnard 59/65-67/78), shown inthis image of the 
Milky Way above Delinha Observatory in the Qinghai Province of China, 
{nthe darkextension atthe lower right of center 


‘The Southern Bechive Cluster (NGC 2516) liesin Ca 
‘magnitude star Avior (Epsilon [] Carinae 


[NGC 104s the sky's second brightest globular cluster. Its common 
‘name, 47 Tucanae, comes froma time when celestial cartographers 
thought it was. star ons be 


ete 


‘The Coalsackisa dark nebula within the sky's smallest constellation, 
CGruxthe Southern Cass. .ceass 


‘The sky's brightest emission nebula isthe fabulous Eta Carinae Nebula 
(NGC 3372). 1's favorite target for southern-sky imagers iisccnune 


‘The Jewel Box NGCA7S5)alvo known a the Kappa (ie) Gucis Custer fea 
‘beautiful sight through any size telescope. cousins 
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a more prominent chrysalis of glowing gas and richly scat 
starlight, with orange Eta (1) Carinae — one of the biggest and 
brightest stars in our galaxy with nearly 100 times the mass of 
the Sun and the potential to go supernova — burning boldly 
through it all. 

Yet forall its pomp and circumstance, the lta Carinae Nebula, 
is not the visual punch in the eye that its made out to be, (That's 
how this emission nebula appears in images) Telescopically, i's 
more ofa sweeping caress of light with some bright patches and 
‘embedded star clusters like the 'Trifid Nebula on steroi 

But if were stranded on an island and were given a choice of 
‘only one nebula to observe, say, through an 8-inch telescope, it 
wouldn't be Eta Carinae. I'd choose the Orion Nebula. This 
dynamic symphony of bright emission and reflection nebulosity, 
‘energized and illuminated by one of the night sky’s most dramatic 
stellar groupings (the Trapezium star cluster) is second in size to 
the Eta Carinae Nebula but first in visual wonder. 

The collective ight of the Trapezium isa stellar spectacle in 
itself and furthermore is much more accessible than Eta Carinae’s 
“Homunculus,” which requires adequate aperture and ample mag. 
nification just to get a hint of its bowling pin shape, Through bin. 
‘oculars ora telescope, the Orion Nebula’s gas and dust is much 
‘more apparent, dramatic, and detailed than any part ofits south: 
‘ern counterpart. 

So intense is the light that through even a medium-sized tele 
scape, you can pi 
bright mackerel clouds immediately surrounding the Trapezium and 
pink tints to dense sabers of light that curve away from this region 
like bat wings, going on to form a delicate loop of bright-rimmed 
nnebulosity. Add to thatthe intensely dark nebulosity, known as the 
Fish’s Mouth, jutting into that dynamic core, and the cosmic flows 
of neighboring Ma3 flanking it to the south, and the Orion Nebula 


1p soft colors. You'l notice a greenish hue to the 


complex is beyond compare. 


A magical stretch 

Eta Carinae lies at the midpoint of one of the most beauti 

ful regions of the Milky Way: Here, turbulent eddies of milky 
starlight stretch from Centaurus to Carina. This includes about 


two dozen open star clusters (including the Southern Pleiades), 
a dozen nebulae (including Eta Carinae), dense star clouds, and 
dust filled voids (including the Coalsack). 

‘The Southern Cross is the most obvious asterism of stars in this 
Van Goghian celestial landscape. But here's an aside. When [first 
saw the Southern Cross, it didn't strike me as the mystical symbol 
Crosby, Stills & Nash sang about; seeing it didn’t make me under 
stand anything except that this litle constellation (6° across, or 
only slightly larger than the handle of Sagittarius’ Teapot asterism) 
looks more like a tal-less kite than a cross. 

Don't get me wrong. I do think that the Southern Cross is beau: 
tiful, but largely because ofits placement next to Alpha and Beta 
(B) Centaur, which point almost directly at it. Adding to this 
celestial advertising isthe fortunate positioning of the Coalsack, 
‘which looks like a bleak shadow just to the Cross’ southeast. It’s 
the union of these celestial bodies that creates an atmosphere of 
visual magic in this region of the Milky Way. Remove those two 
bright stars and that web of darkness from the scene, and the 
Southern Cross would lose much of its visual impact. 

The Southern Cross also harbors one of the southern sky’s most 
popular open star clusters: the Kappa (x) Crucis Cluster, better 
known as the Jewel Box. I find its reputation a bit overhyped, per 
haps a product of its placement (near Beta Crucis and the 


alsack) and 19th-century hyperbole — a creation of John 
Herschel, who, after observing it through his 18-inch reflector 
noted that the clusters stars shine with different colors, like the 
“effect ofa superb piece of fancy jewelry 
That’ fine and appropriate, and the Jewel Box remains one of 
the most popular southern treasures. There is, however, a lesser 
known, yet in my opinion much more visually stunning open star 
NGC 3293 in Carina. I call it the “Little Jewel Bi 
just as bright as the Kappa Crucis Cluster but 
‘only half its apparent size. And although NGC 3293 has about, 
one-third the number of stars as the Jewel Box, the brightest ones 
pack a powerful visual punch that makes a much more attractive 
sight through small tlescopes. 
‘Others have similar opinions about the Jewel 
tance, believes that yet 


cluster nearby 
because the cluster 


astrophotographer Dieter Willasch, fori 
another open cluster in Carina, NGC 3766, deserves to be called 
the Jewel Box more than the Kappa Crucis Cluster. He suggested 
the “Rich Man's Jewel Box” as an alternative name. NGC 

midway between the Eta Carinae Nebula and Acrux (Alpha 
Crucis) and appears asa fine scattering of scintillating jewels seen 
against the carpet of the Milky Way. tis a stunning cluster, but 


66 lies 


mainly for larger instruments. 


The flip side 

As we have seen, the southern sky is the domain of many 

superlative wonders, some of inthe 

north: There's a Southern Pleiades Cluster, a Southern Beehive 

Cluster (NGC 2516), a Southern Ring Nebula (NGC 31 

Southern Pinwheel Galaxy All are just as br 

derful as the objects in the north that they mirror. 
‘Add to this list the south’s two 

vels, the Large and Small Magellanic Clouds; Omega Centauri and 


‘which have counterpart 


ight and won: 


galactic naked-eye mar 
47 Tucanae, the two greatest globular star clusters in the heavens; 
the enigmat 8), a superlative in 
virtually every region of the electromagnetic spectrum; and Eta 
Carinae, which had the largest explosion that any star is known to 
sd, and you can begin to understand the visual impact 
the southern celestial sky can have on a transplant from the north, 

‘One sight that always amazes me from the Southern 
Hemisphere is the hub of the Milky Way flipped with respect to 
my normal northern perspective with its attendant arms parallel 
to the horizon, For some reason, whenever Iook at the Milky Way 
in this position, I find the dark nebulae standing out more dra- 
‘matically than their bright background, 

The constellation Sagittarius aso dissolves fro 
‘eral smaller unfamiliar and disconnected stellar groupings replace 
it, Suddenly I'm lost in familiar territory, and a spark of childlike 
‘wonder ignites. When you've looked at the sky for as long as 1 
have, it’s hard to lose yout place, wh 
things from a fresh perspective. But with the topsy-turvy southern 
k nous folds of the Milky Way 
and get lost in their glory once more, 

‘And that is the true beauty of the southern skies to this north: 
transport me back to a time when 
the night skies were vast and foreign and be. 

‘As Judith Thurman, a contributing writer for The New 
ys, “Every dreamer knows that it is entirely possible to 

be homesicl 

homesick than for familiar ground.” » 


galaxy Centaurus A (NGC 


have survi 


view, and sev 


halso means it’s hard to 


s, I now can look into the lu 


ern observer — that they ca 
coned me to explore 


then 


for a place you've never been to, perhaps more 


‘galaxy’s center contains many nebulae, 
1¢ Lagoon Nebula (MS, right of center) 
er left of center) aurinconra in 


‘The Southern Ring Nebula (NGC 3132) in Vela lies nearly halfway 
between the celestial equator and the South Celestial Pole. concanux 


‘The Southern Pinwheel Galaxy (M83) isa spectacula’ sight ough 
‘medium-sized telescopes. ties in the constellation Hydra some 15 mil 
lion light-years away ni wsensnauercanysocravnnesy oF azn 


EXPLORE A GALLERY OF SOME OF THE GREATEST DEEP-SKY OBJECTS 


THE SOUTHERN HEMISP 


TT www.Astronomy.com/tec 
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May 2015: Saturn at its glorious best 


Saturn's wide-open rings this month create stunning sight for observers using any size telescope. aussi wnhsver¥ere sian 


ay nights may behind are Venus and Jupiter, horizon about 45 minutes ofthe year for those at mid 
not last long a pair of brilliant planets after sundown, and you northern latitudes. A tele 
for Northern adorning the evening sky should spy Mereury. "The scope reveals a disk that spans 
Hemisphere ‘And honorable mention must inner planet shines brightly 8 and appears slightly more 
observers, but go to innermost Mercury. at magnitude -0.4and shows than one-third Ii 
nature fills those fleeting The diminutive world pro- up quite easily in the fading Unfortunately, Mercury’s 
hours with plenty oftempt- duces its finest evening dis- twilight. Ifyou dont see itat appearance doesnt lst long 
ing targets. Atthe top ofthis play of 2015 early this month. first with your naked eyes, The planet continues to fade 
month’ list has to be Saturn, The planetary action gets binoculars wll make itobvi- as i falls back into brighter 
which puts on an all-night underway shortly afterthe ous. Binoculars also should twilight, I glows at magni 
show ast reaches opposition Sunsets May 1.Scan the area reveal the gorgeous Pleiades tude 1.0 on the ith when it 
and peak visibility. Close above the west-northwestern star chster (M45) just 2° passes 8* north (to the upper 
northwest ofthe planet right of similarly bright 
Theringed planet reaches opposition @> Ab Mercury reaches greatest Aldebaran, Taurus’ brightest 
: vireo elongation the evening of May star. Mercury disappears from 
. : 6, when it ies 21° east ofthe view justa week later 
Sun and stands 11° above the As you hunt for Mercury 
horizon 45 minutes after sun- you cant help but notice afar 
set. Although it has dimmed brighter objec larking higher 
OS HIUCHUS ie to magnitude 0.2, it appears in the west. Venus dominates 
ietint mote prominent than on the evening sky, shining at 
the Istthanks to its greater magnitude ~4.2 in early May 
height. This date marks the and brightening to magnitude 
planet's peakevening aitude ~4.4 by month’ end. On the 


——________istvitsits squarely between 
Martin Ratcliffe provides plane- Beta (B) and Zeta (C) Tauri, 


tarium development for Sky-Skan, the stars that matk the horns 
May 12.11 pat Inc from his home in Wichita, of Taurus the Bull 
innate Kansas. Meteorologist Alister Venus crosses into Gemini 

Saturn comesto peak visibility May 22, when tshines brightly inthe south- ing works fr Environment the Twins on the 8th and a 

‘eastern sky after darkness alls. usrons sen ra Canada in Edmonton, Alberta, day later slides 17° north of 
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\GMOON 


A striking view of a glancing blow 


Just south of the lunar equator 
In the Moon's eastern hem: 
sphere lies an unusual pair of 
craters: Messier and Messier A. 
‘Two bright rays radiate from this 
doublet’s western component, 
Messier A, The crates were 
rhamed in honor of the famed 
1Bth-century French comet 
hunter Charles Messier because 
the rays resemble a comet's tall 
‘The nearly Full Moon in early 
May offers good crater viewing, 
but the observing window 
closes on the 6th as the Sun sets 
(ver the region. When sunrise 
returns May 21, the low Sun 
angle exaggerates the topogra- 
phy. Increase magnification to 
100x oF more, and youl see that 


the Sth-magnitude open star 
cluster M35, Grab binoculars 
for the best view of this pretty 
conjunction. The planet con: 
tinues traversing Gemini dur 
ing the rest of May. A slender 
crescent Moon joins the scene 
May 20 and 21, though our 
satellite doesn’t get any closer 
than 8° from the planet. By 
the 30th, Venus appears 4° 
south of Ist- magnitude 
Pollux, Gemini's brightest 
star. The inner world then 
sets after 11:30 pat local day. 
light time, more than three 
hours after the Sun, 

‘Observers who target 
Venus through a telescope 
this month will notice signi 
ficant changes. The planet's 
apparent diameter grows 
from 17° to 22" while the 
phase diminishes from 67, 
0 53 percent lit 

Jupiter is the second 
brilliant planet on display in 
May's evening sky. The planet 
shines at magnitude -2.1 on 
the Ist and dims to magai: 


the craters appear distinctly out- 
‘of-round compared with others 
nearby. Wat another night or 
two to see the rays stretching, 
westward, The higher Sun 
then emphasizes the contrast 
between the bright rays and the 
darker lava of Mare Fecunditatis 
(the Sea of Fett). 

The rays’ origin puzzled 
astronomers for centuries, 
Clarity finally came in 1978 when 
‘Don Gault and John Wedekind 
announced results from theie 
‘experiments at NASA's Ames 
Vertical Gun Balistic Range. The 
scientists shot small pellets at 
different targets at speeds up 
10 15,000 mph. They discovered 
hhow craters and thelr splashes of 


METEOR\ 


Blasting through Halley’s dusty debris 


The Eta Aquariid meteor shower 
{s one of two annual showers that 
tesult from Earth crossing the 
‘orbital path of Comet 1P/Halley 
(the other is October's Orion). 
‘As our planet plows into dust 
particles shed by the comet over 
‘many millennia, the bits burn up in 
the upper atmosphere and create 
display of “shooting stars 

The Eta Aquariid shower peaks 
the morning of May 6, Unfortu 
nately, a waning gibbous Moon 
shares the sky and will drown 
‘out fainter meteors. For the best 
Views, find an otherwise dark 
spot and place a tree or building 
between you and the Moon. With 
clear weather and some luck, you 
‘might spot up to 10 meteors in 
the hour before dawn. I'sa far 
ny from the normal rate (upto 
5 per hour), but it’s the best May 
has to offer. 


debris change shape depending 
fn the impact angle 

‘The researchers managed to 
create a double cater using just 
fone pellet. Messers formation 
row made sense: A fast-moving 


projectile whacked the Moon 
from the east at a grazing angle 
and then skipped once. This cre- 
ated a pair of side-by-side oval 
craters and sprayed debris in the 
projectile’ direction of motion 


at peak: Waning gibbous 
Maximum rate at peak: 
Eta Aquariid meteor shower a> [eMMaiaeaaal 
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‘Although bright Moon shares the sky with this year's ta Aquariid 
‘meteor shower, viewers should keep an eye out for brighter ones. 


tude -19 by the 31st. It spends 


How to use this map: 3p portrays the 
sky as seen near 35° north latitude. Located 
Inside the border are the cardinal directions 
and ther intermediate points. To find 
‘stars, hold the map overhead and 
‘orient itso one ofthe labels matches 
the direction you're facing, The 
stats above the maps horizon 


now match what's in the sky. ees > ee 
aA fon 
‘The all-sky map shows fs 7 ae 
how the sky looks at: jroxtn 
vsaa 
midnight May 1 5 
Ta May 15 
10a May31 
Planets are shown, 
at midmonth 


1 Sight cooler stars appear white 
6 Intralot stars ike the Sun glow yellow 
© Lowertemperature stars appear orange 

© Thecooleststas lowed 

6 Fair stars cant exc our eyes color 


receptors, so they appear whitunles you 
‘se opel aid to gather mor ight 


Note: hioon phates inthe calendar vary 
insize due tothe distance from Earth 


‘MAP SYMBOLS 
© open cluster 

® Globutarcuser 
Diffuse nebula 
© Planetary nebula 


© Galaxy 
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\ Calendar of events 
5 3 FullMoan eccursat 21. The Moon passes south of 
“3 1:42pm, EDT Venus, 30. EDT 
2$e 5 TheMoon pases 2"north of SPECIAL OBSERVING DATE 
age saturn noon EDT 22 Satuin reaches ts 2015 
25 petk, shining at 


6 Eta Aquarid meteor 
shower peaks 


7 Mercury sat greatest eastern 
elongation 21,1 aa EDT 


"@ 
Mercury passes 8° north of 
Aldebaran, 9, EDT 


Last Quarter Moon 
occurs at 636.0. EDT 
n 


« 
12 The Moon passes 3*north of 
Neptune 5 as, EDT 


‘magnitude 0.0 and 
appearing 18.5 across 
through a telescope 
(the tings span 42.1" 
and tit 24° to our line 
of sight. 


Satumisat opposition, 
pa, EDT 


The Moon passes south of 
Supiter, 3 am EDT 


25 @y Fest Quarter Moon 
ae ee 14 The Moon iat perigee (227437 oceursat 119.0 EDT 
miles from Earth, 818 0, EOT 

26 TheMoonis at apogee (251186 
= : J 15 TheMoon passes0.2"south of miles fom Earth), 6120, EDT 
y 5 Uranus, 8AM. EDT 
y 30 Mercury isin inferior 
ey : 7 Asteroid Herculia is at conjunction, Tra. EDT 
‘opposition, 6a EDT 
, F positon, 6 ra ED Venus passes 4 south of Pollux, 
oe : 18 New Moon occursat Vea. EDT 
% 123 Am, 7 
of > 19 The Moon passes 6° south of 
Mercury, 3 2. EDT 
> Mercury i stationary, 
Tas EDT 
rr a 


EGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT www.Astronomy.com/starchart. 


= PATH of tue 
PLANETS The planets in May 2015 


SE,” [Asteroid Herculina reaches % “ 
ig ae " ‘opposition May 17 }, - 
¢ Adi Ber 5 
ities A OT 
- é - , Path of the Sun (echipti = i q ‘Maisalia” 
eke Sage [saturn appears atitsbest |p ” 
‘Moon phases — ‘Midnight 
) e@eeeeeeeeeeoeoeoeoe 


The planets these itustations show the size, phase, and orientation ofeach planet andthe two brightest dwarf planets 
7 forthe dates inthe data table at bottom, Souths atthe tp to match the view through a telescope 
in the sky 
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Mercury Uranus 
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“upter 


MERCURY VENUS MARS CERES JUPITER SATURN URANUS NEPTUNE PLUTO 


[ays [Mays [May 
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‘Thismap unfolds the entire night sky from sunset (at right) until sunrise (at lft, 
‘Arrows and colored dots show motions and locations af solar system objects during the month. 


S = 1 objects visible inthe eveing oer 
“ ° , ay Mercury appears brightin 
Ev uM the evening sky inearly May 


LE = The planets 
- >» in their orbits 
? \ a ) | ‘Acrows show the inner planets’ 


monthly motions and dots depict 


aL \ the outer planets’ positions at mid- 
} month from high above their orbits. 


Supiver 


() ean 


Tatu | Se 


Opposition May 22 ——Srrertune 


Jupiter's moons 
of callea satelitesat 

EDTonthe date Gurapa 
Shown, Southisat the 
toptomatch 


Gallisto 


"e- Ganymede 


— Continued from pag 


WHEN TO VIEW THE PLANETS 


EVENING SKY MIDNIGHT MORNING SKY 
Mercury (nor Jupiter Saturn southwest) 


Two shadows merge on Jup 


Jupiter southwe eptune (southeast) 


Saturn (southeast) 


the month against the back: through small telescopes. 
drop of eastern Cancer, Also prominent are the plan. 
though the Crab’s faint stars et’s two dark equatorial belts. 
prove no match forthe solar ‘Lf you watch carefully, more 
system world. subtle atmospheric features 
Although Jupiter sets after will pop into view. 
‘midnight local daylight time, TThe other obvious feature 
it rides highest in the west visible through small scapes is. 
during early evening. That's Jupiter’ stable of four bright visible from North America 
the time to grab your tele. moons. These worlds change during May. 
scope and get crisp views of position from night to night Perhaps the most thrilling 
the planet’s wonderfully and sometimes from hour to. occurs the night of May 27/28 
detailed atmosphere hour. With the plane of the when Ganymede eclipses lo 
Jupiter's equator spans satellites orbits now aligned while the two moons’ shad: 
36° in mid-May, a value that edge-on to both Earth andthe ows appear to merge on 
changes only slightly during Sun,a moon may pass in front Jupiter’ cloud tops. East 
the course of the month, of another (an occultation) or Coast observers will want to 
Because the gas giant spins ‘amon may pass into anoth- start watching as soon as twi 
so rapidly — completing a ers shadow (an eclipse). This light falls. The run-up to the 
rotation in less than 10 hours ongoing series of mutual event begins when lo starts, 
~ its equatorial diameter is events Wraps up in August, so transiting Jupiter at 8:49 pax. 
some 2" greater than its polar take advantage of observing ‘EDT. Nine minutes later, 
diameter. This equatorial opportunities while you still Ganymede’s shadow begins 
bulge shows up clearly can, About 15 such events are its transit 


Don’t be fooled by this comet imposter  gzaaia 


‘Across the decades, observers _legitimate prospect. NGC 4570 
With 6-to inch scopes under In Virgo is Levys look-alike No, 
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satellite lo; at the same time, the two moons’ shadows merge into one. 


loud tops 


Jupiter 


Innermost lo orbits the 
planet faster than Ganymede, 
so the former crosses the 
Jovian disk faster than the 
latter’s shadows, Once Io's 
shadow enters the disk at 
10:01 nas, EDT, the race is 
‘on, The shadows are due to 
merge starting at 11:38 pa, 
although they likely will bur 
together some minutes before 
‘Ganymede also starts 
eclipsing lo at 1:38 pat., 
when both objects stand clear 
of jupiter’s western limb, The 
eclipse lasts 22 minutes, and 


the real thing? Bump up the 
‘magnification, and take a closer 
look at the object’s shape and 
how its light drops off at the 
edges. A comet often has a 
sharp border on its sunward 
side and a diffuse one on the 
other, bt even an expert can 
be deceived ifthe dust tal 
spreads out directly behind the 
comet's head. A comet-seeker 
must record an object's position 
precisely and then wait to see if 
itmoves. 

WENGC-4570 isnot real 
enough, try viewing Comet 
Lovejoy (C/2014 02) near Polaris 
You'l likely need a 10-inch or 
larger scope to pull nits feeble 
glow, which astronomers think 
‘may reach only 12th magnitude 
this month. 


baton RES Ss CATINGASTEROIDS 


AURIGA 


: “ Herculina rocks the reptile 


Venus 


Asterold 532 Herculina reaches end of May, when Herculina 
‘opposition May 17,but the 9th- shines brighter than any star 


iis magnitude objectiseasy to nearits tack Particularly 
track down allmonthItresides around the 17th the space rock 
one Taurus among thebackgroundstars_passesin rent of galactic dust 
° on of Serpens Caput a region that clouds that block much ofthe 
acca les inthe southeast after dark background staright 
ma ‘ness falls and climbs highest in To see the asteroid shift 
‘a the south after midnight. Begin positions during a three- or 
your search with magnitude fourhour session, uy the eve 
ay 6,8 minutes ftersuneet 37 Epson Serpents, which alngs of May 4,10, F21, when 
ins oui anenmnah lies a few degrees north of ‘it passes within 3' of a field star, 
—_ — BE erculina'spath you prefer the asic method 
Mercury shines brightly inthe evening shy during early May. Youcan i aster tees han oo oak enor 
‘the innermost world to the lower right of brilliant Venus. ea King a ate 
touy diferent styles of aster-_fve tas and seeing which one 


‘ld hunting. you're the impa- shifts from one night to the 


atts peak, lo will appeat percent smaller than at oppo- ae 
some 40 percent dimmer than sition. A much bigger viewing _‘NentsOftandjustwantto see next— May 4-7 \s perfect 
itnormally does. Itwill take factor ists altitude. As with “Re Glowing dot beforemoving wile the 10th-12th and 25th- 
con, abservernearthe middle or 27th are observer friendly too. 
another few minutes after this any planet, you want to 
howtos highend La SS 
cleatly. fo’ shadow leaves the 230 a.m. local daylight time i Bay 
planet at 1238 aa. followed May Land two hours earlier oe 
16 minutes later by Gany at month's close, The dark 
ede’ shadow. Cassini Division that sepa 
Saturn comes up around rates the outer A ring from 
9:30 pa local daylight time the brighter Bring stands out 
May l,butit takes atleast an through any telescope 
hour for ito climb comfort Saturn also has a family 
ably above the southeastern of moons, though only 8th 
horizon, It ies among the magnitude Titan shows up 
background stars of Scorpius, through the smallest scopes 
1.2" due north ofthe 2nd: You'll find t due north of 
magnitude double star Beta Saturn on May 3 and 19 and 
Scorpil Saturn shines at mag- due south May 10/11 and 
nitude 0.1, full magnitude 26/27. A 4-inch instrument ats 
brighter than the Scorpion’s typically eveals three addi- steed Herein glows at 3th magetude aatrekr westward against 
luminary, Antares, which lies tional moons orbiting inside ‘the background stars of Serpens the Serpent. 
10° away Titan, Tethys, Dione, and 
Saturn moves slowly west Rhea shine at 10th magnitude 
ward during May crossing the and change postions notice Mercury, Venus, Jupiter, Uranus rises during tt 
border into Libra on the 12th. ably each night. and Saturn will keep observ- light during most of May 
By the 22nd, the ringed world The final bright moon is | ets busy throughout the By the end ofthe month, i 
lies opposite the Sun in our distant lapetus, which glows | month, And thats a good appears couple of degrees 
sky, Itthen risesat sunsetand at 10th magnitude when it thing because the other above the eastern horizon as 
remains visible throughout the reaches greatest western elon- | planets palein comparison, dawn starts to break, though 
night. The planet also shines gation May 19/20, I then Neptune rises around 3... its 6th-magnitude glow will be 
brightest (magnitude 0) at stands 9'from Saturn, afar | local daylight time in mid hard to see without excellent 
opposition and appears largest greater distance than any of | May andappearslow in the sky conditions. Both it and 
when viewed throughatele- the other moons. You'llfind | southeast before dawn. You'll Neptune will improve in june. 
scope. Its diameter peaks at lapetus 2.5 southwest of need binoculars oratelescope Mars currently les hidden 
185" while the rings span 42.1" Saturn on May 1,buttthen | to spot ts 8th-magnitude com the far side of the Sun 
and tt24*to ourline ofsight. appears magnitude fainter | glow some 2.2" southwest of from Earth, Itwill return to 
But in reality, Saturn looks than it does three weeks later. | Lambda (A) Aquati. view in late summer. @ 
great ll month, Its size May 1 
Danas anGe PIED GETDAILY UPDATES ON YOURNIGHT SKY AT www Astronomy com/skythisweek 


A WHALE’S VIEW 


Q: DO WHALES HAVE ASTRONOMY CLUBS? 
A WHALE'S EYE IS LARGER THAN MOST 
BINOCULARS; WHAT WOULD IT SEE WHEN 


SURFACED? 


A: Just as with a big optical 
telescope, itis the size of the 
eyes aperture (Le, pupil) that 
determines how many stars are 
seen — the bigger the pupil, 
the more light is captured from 
‘each star Even extremely dim 
stars are visible with a large 
telescope, This is equivalent to 
saying that a larger telescope 
lens allows one to see stars of 
higher magnitude. 

"The same is true of eyes In 
alleyes, the pupil functions as 
the aperture through which 
photons reach the light-sensitive 
‘els ofthe retina, On a moon- 
less tarry night, human pupils 
reach a maximum width of 8 


millimeters. With such a dsam- 
‘eter, we are able to discern stars 
with a magnitude as faint as 65, 
allowing us to see aver 9,000 
stars in the entire night sky 
‘What about whales, bask 
ing on a starit ocean surface at 
night? Remarkably, despite the 
often gigantic sizes of whales, 
their eyes are not a large as 
‘one might think. Even the larg 
est whale eyes studied are only 


around 70 millimeters across 
(compared to around 25 mil- 
limeters forthe human eye), but 


‘The ringed planet's shadow blocks out the Sun in this 140-image mosaicof 
Saturn's surroundings captured by NASA's Casini mission. sisscaicis 


Jobin Henderson, Mojave, Clomio 


these eyeballs have thick outer 
layers of muscles and insulating 
fal. The actual eye itself, embed: 
ded within these layers, is typi- 
cally only around 40 millimeters 
across. The pupil is only half as 
large again as our own pupil — 
around 12 millimeters wide in 
the dark (as measured in south. 
cern right whales, gray whales, 
and bowhead whales), so noth- 
ing near as large as the objective 
lenses of typical binoculars! 
Assuming similar exposure 
lumes and that the photorecep: 
tors of whales are a efficient at 
absorbing photons as our own 
eyes are (which is amazingly 
only around 5 to 10 percent), 
‘whales would be able to see stars 
almost one magnitude fainter 
than we can (around 7.4 

"This would allow them to see 


some 24 times as many stars, 
{in fact around 22,500! While 
this number does seem impres- 
sive and would give whales a 
superior view of the night sky 
compared to our own, imagine 
the number of stars that would 
be seen by the giant deep-sea 
squid Avchiteuthis duc iit were 
ever to come to the surface. 
‘With eyes almost 30 centimeters 


across and with pupils 9 ce 
meters wide, this squid could 
potentially see stars a faint as 
‘magnitude 12, which is truly 
staggering! 


‘ric Warrant 
University of Lund Sweden 


Q: HOW ARE SATURN'S: 
RINGS REPLENISHED? WILL 
THE PROCESS SHUT DOWN? 

Doug Kaupa 

Colorado Springs: Colorado 


[As Theage, origin, and evolu 
tion of Saturn’ bright icy rings 
are some ofthe biggest mysteries 
in the solar system. Most theo- 
es have the main rings forming 
from the partial o total destruc: 
tion of an icy moon (roughly 
250 to 3,000 mils [400 to 5,000, 
kilometers] in diameter) some 
58 to-4.5 billion years ago, We 
‘would expect the constant 
influx of micrometeoroids to 
have substantially darkened the 
rings over time, but their neazly 
pure white appearance 
paradox: The rings are likely 
‘ld, but they look young! 

‘One way to solve this para 
dois to recyele the rings. If 
micrometeoroid contamination 
is limited tothe ring particles 
surfaces, it is possible that 
when particles collide and re: 
acerete, or when large particles 
are broken up by meteoroid 
impacts, the pristine interior 
ice is exposed, making the par 
ticles look new again. Also, 


adstoa 


Bigger eyes let an animal see more stars. Awhale’s arge pupil might enable 
ittosee more than twice as many stars asa human. soscssoctsce 


the dense B ring has much 
more mass than expected, the 
ring can act as a reservoir for 
fresh ice, replenishing the 
entire ring system over time 
The mass ofthe B ring is 
unknown. The Cassini mis 


son's "Grand Finale” orbits in 
2017 will place the spacecraft 

between the rings and Saturn 
and allow, forthe first time, a 


direct measurement of the 
rings’ mass, This may help solve 
the paradox once and forall. 

Recycling and replenish 
ment use material already in 
the rings. Even though it may 
take billions of years to destroy 
them, the lifetime of Saturn's 
rings is stil finite. 

Finally, we do know where 
two rings come from, The 
‘enormous faint E ring is pro- 
‘duced from ice particles emit 
ted by geysers on the moon 
Enceladus, while dust from 
the surface ofthe tiny moon 
Aegacon replenishes the G ring. 

Robert French 
setinetiute 
‘Mountain View, Califia 


Q: COULD QUANTUM 
ENTANGLEMENT BE A 
RESULT OF THE BIG BANG? 
Eldon Alden 
How, Oklahoma 


[As If accelerated inflationary 
‘expansion ocurred in the eatly 
universe, inflation itself is what 
puts the “bang” into the Big 
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‘Bang, During inflation, the 
universe likely contained a cha- 
‘otic soup of exotic high-energy 
fields. When inl 
ally ended, the energy in these 
fields was converted into the 
‘usual zoo of familiar particles 
like protons and electrons in a 
process called reheating, 

‘The most common way to 
produce entangled states — 
‘where two particles remain 
‘mysteriously correlated regard: 
less of distance — is when. 
particles or fields interact or 
are created together, Since we 
believe quantum mechanics 
‘would bold during inflation, 
entanglement between difler- 
cent degrees of freedom in these 
exotic Fields would be a natural 
‘outcome, It isan open ques- 
tion whether inflationary-era 
entanglement could survive the 
chaotic process of reheating 

Purely considering causality, 
inflation makes regions of space 
separate faster than 
the speed of light 


jon eventu- 


‘Two particles whose 
properties aresomehow 
‘connected are “entangled” 


(this is allowed in general rela- 
Livity) So today, regions once in 
‘causal contact during inflation 
are now out of causal contact, 
beyond each other's so-called 
cosmic horizons. 

‘The main question is 
‘whether any entanglement 
set up during inflation could 
survive and persist to somehow 
produce observable effects 
today. The answer is that we 
don't knove. We probably 
require a full theory of quan- 
tum gravity to even formulate 
such a question precisely. But 
even without knowing the 
details, cosmic scale tests of 
{quantum mechanics ae prob: 
ably the hest way to look for 
any strange elects. It certainly 


‘would be wonderful ifthe 
carly universe left us such clues 
because it could let us use local 
measurements of space-time to 
test questions about parts of the 
universe that seem inaccessible 

in principle 

‘Andrew Friedman 

Masoctusets stu of 

Technology, Cambridge 


(Q: A WHITE DWARF PULLS 
(MATTER FROM ITS BINARY 
[AND EXPLODES INA NOVA. 
‘YET WHEN THE MASS HITS A 
(CERTAIN LIMIT, THE STAR 
BURSTS IN A TYPEIA SUPER- 
NOVA AND IS DESTROYED. 
WHY THE DIFFERENCE? 
‘Suzanne Farkas 
“Amber, Obio 


[As A nova isa relatively small, 
surface explosion from a white 
dwarf below the Chandrasekhar 
limit of 1.4 solar masses. Novae 
can recur on timescales as short 
asa year, Large telescopes have 
been around for only about a 
century, limiting our ability 
scales; nova explosions could 
well recur after thousands oF 
ullions of years 

‘A type Ia supernova explo: 
sion occurs when the white 
{dwarf pulls enough material 
from ils companion star to 
reach 14 solar masses. A likely 
mechanism isa small thermo- 
nuclear flame near the center 
that propagates so fast that the 
entire while dwarf incinerates 
before it can expand and cool 
So far there is no clear consen- 
sus on how a type la (oF n0¥a) 
explodes. A type la explosion 
easily can burn more than half 
of the white dwarf into iron, 30 
next Lime you fry something in 
fan iron pot, a good chunk may 
hhave synthesized in such explo- 
sons over billions of years 
Another oddity is that while 
‘most of the energy is released in 
«few seconds, the peak bright- 
ness occurs three weeks later! 


‘This delay is because the 
ejected material sso dense after 
the explosion that photons can 
barely escape. Overtime, the 
rapidly advancing ejected mate 
rial moving at about 22 million 
mph (10,000 km/s) becomes less 
dense and more photons escape, 
resulting in an observable “rise 
time." Finally, note that “core 
collapse” supernovae, the natu- 
ral evolutionary end for large 
stars, are much more common 
than type la, but the type la are 
spectacularly bright and seen 
‘over much larger distances, 
‘Richard Kesler 
Univesity efChicago 


Q:1S THE COSMIC MICRO- 
WAVE BACKGROUND A 
SHELL AROUND US? OR ARE 
THE MICROWAVES EVERY- 
WHEREIN THE UNIVERSE? 
Barry Berman 
Sparks, Maryland 


[As The casmic microwave back 
ground (CMB) radiation fills the 
universe and travels in all direc: 
tions. As we see it from here in 
satellite maps, itis about equally 
bright in all directions, and 
thats one of the main reasons 
wwe know is cosmic, The Greek 
word is fsofropi, which means 
the same in every direction, 
‘Assuming we are not at @ 
special spot, that also means 
that the radiation is the same 
brightness in all locations 
throughout the universe, at 
least if you could take a me 
surement atthe same time at 
each location (13.8 billion years 
alter the Big Bang). The maps 
we make of the CMB brightness 


the cosmic microwave 
universe's oldest light. crux cosssoston 


show i as it is now arriving 
here from everywhere else, but 
if you wait a billion years, there 
still willbe radiation arriving 
from everywhere else 
‘There s one sense in which 
we see the CMB coming from 
‘an apparent shell around us. 
‘The universe became fairly sud- 
denly transparent when it was 
about 380,000 years old and the 
temperature was dawn to about 
3,000 kelvins. So we see each 
(CMB photon as coming from 
the last place it bounced off an 
cdectron, It's litle lke looking 
atthe Sun, We see the Sun's light 
‘coming from features on what 
seems tobe a surface, but the 
Sun doesn't have a surface — it 
is gascous. Right now we are 
receiving light that escaped from 
the Sun 500 seconds ago, and if 
we walt a day we wil stil be 
receiving light from the Sun that 
thas taken 500 seconds to arrive 
Its ike that with the CMB too, 
‘except it has taken 133 billion, 
years lor the light to arrive here 
instead of 300 seconds, 
John Mather 
ord Space ight Center 
Greenbelt Marland 


Send us your 
questions 

Send your astronomy 
questions via email to 
askastrosastronomy.com, 
or write to Ask Astro, 

P.O, Box 1612, Waukesha, 
‘WI53187, Be sure to tll us 
your full name and where 
youlive, Unfortunately, we 
cannot answer all questions 
submitted, 
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‘Alex Flippenko right and students ponder the founder’ final resting place. 


Here lies the body 

of James Lick 

James Lick was a wildly eccentric and 
wealthy Californian in an era defined 

by gold, He nearly turned a city block of 
downtown San Francisco into a pyramid 
‘greater than the one at Giza as a monu: 
ment to himself. Thankfully for science, 
sensible friends convinced him otherwise 

Lick legend holds that the observatory 
benefactor made his fortune out of spite in 
true soap opera style, when the father of his 
pregnant lover and would-be bride denied 
Lick’s marriage request because the young 
man was too poor. 

The Pennsylvania-born carpenter set 
‘out for South America to make a name for 
himself and spent nearly three decades 
jumping from countey to country as an 
‘expert piano maker in a time of violent 
revolution. In 1848, he gathered his small 
fortune in Peru and set sail for San 
Francisco, reasoning the contested Cali. 
fornia territory would soon bean American 
state and open up new riches to pioneers. 

In is belongings, Lick packed hundreds 
of pounds of chocolate he'd bought from his 
neighbor and friend, Domenico Ghirardelli 
He promptly sold the sweets in California, 
helping convince the confectioner to follow. 

For Lick, the move paid off in historic 
fashion when gold fever settled in not long 
after his arrival. While others dug in the 
hills, Lick made his millions in ral estate 
as the city by the bay ballooned from a 
population of just 1,000 residents. That 
combination of tenacity and luck made 
him one ofthe wealthiest men inthe Wes. 

When he died, Lick set aside a signif 
‘ant part of his fortune for an instrument 
“superior to and more powerful than any 
telescope yet made.” Once completed it was 
turned over to the University of California, 
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The remainder of his millions went to insti 
tutes for California history, art, and science. 
Telescopes of the day were mostly built 
in cities, But designers chose a site atop 
Mount Hamilton away from the smoke and 
lights, where Lick would become the world’s 
first permanent mountaintop observatory. 
Workers carved a road to allow horse: 
drawn wagons to move telescope compo: 
nents to the top, which meant a shallow 
sgrade and ample turns, But engineers 
needed 15 years to complete the observatory 
because the primary lens of the 36-inch 
refractor — contracted by the famed Alvan 
(Clark & Sons, and made in Paris — required 
a stunning 19 attempts to achieve a suitable 
quality and then have one subsequently 
survive the trip. When the telescope neared 
completion in 1887, workers exhumed Lick’s, 
body and reburied it beneath the instru- 
‘ment’s pier, where a plaque still reads: 
“Here lies the body of James Lick.” 


CALIFORNIA 
0akland 


Wimeter~= 
Nike refedior © 


o 


-36.inch 
‘Great Lick Refractor 


UCObservatores Director Cl 
‘where the 3-meter Shane Telescope now testsnext generation technology. 


re Max helped invent adaptive optics at Lick, 


Down from the 
mountaintop 
{twas on Mount Hamilton’ frst telescope, 
now nearly a century old, that 19-year-old 
Alex Filippenko started his journey toward 
a prolific career in astronomy in 1977. 
During the day, the UC Santa Barbara 
undergraduate gave tours and sold post 
cards in Lick’s git shop. At night, he used 
the observatory’s 12-inch refractor to do his 
own research — studying variable stars in 
a globular cluster. The science was cutting 
edge, but the instrument was builtin 1881 
using fortunes from the founder while the 
larger instrument was under construction. 
Filippenko published his frst paper using 
data gathered on 198 photographic plates 
“twas very rare for undergrads to do 
research back in my day, but now we involve 
undergraduates a significant amount in 
research at Lick, and thats increasingly the 
casein recent years” he says. 


Mount Hamilton and 
the Lick Observatory 


S.meter 
Shanereflector 


‘Automated 
Planet Finder 


a 


Lick Observatory ishome to seven telescopes, including the 
workhorse 3-meter Shane, KAIT (not shown), and the recently 
built Automated Planet Finder. sro seis 


UC Berkeley hited Filippenko in 1984, 
and he went on to become the only person 
on both teams that discovered dark energy 
by noting distant supernovae are dimmer 
than theories predict. The leaders of each 
‘group shared the Nobel Prize in physics in 
2011, And Filippenko still does supernova 
research with Lick instruments, including 
his long-standing project on the Katzman 
Automated Imaging Telescope (KAIT), 
Which he and his team use to scan the sky 
each night for exploding stars 

Filippenko says his experience helped 
forgea belief in a great public university 
system and the importance of giving stu: 
dents similar research opportunities. The 
students — involved at universities across 
the state — often don't have cars and can't 
rent one, Filippenko says. So instead, they 
now can be involved remotely, working up 
a proposal with professors and then lead: 
ing the investigations and collecting data 
themselves. In addition to the many stu 
dents, more than 100 university astrono: 
mers still use the telescopes at Lick. 

At the world’s largest telescopes, there's 
not enough observing time to go around 
for even the faculty, so Filippenko believes 
sites like Lick are crucial to educating stu: 
dents. Here, budding astronomers can do 
real peer-reviewed research and get it pub- 
lished. Lick is also a place to experiment 
‘with new instruments and techniques 
before implementing them on larger tele- 
scopes where time is more competitive 

That legacy of innovation helped Lick 
net 70 ofthe frst 100 exoplanets discov- 
ered and become the first to develop adap. 
tive optics — two areas of research still 
‘common at the observatory: 


Taming the twinkle 

Thirty yeats ago, Claire Max was working 
on secretive projects at Lawrence Livermore 
National Laboratory in California when 
her team had an idea that would change 
humanity’ view of the universe. Ina 
classified report, they outlined a way to 


UcBerkeley graduate student Lauren Weiss 
‘monitors the Automated Planet Finder from 3 
‘emote workstation on campus. 


Men watch the Moon through the 36-inch Great Lick Refractor, once the word’ largest telescope. 


precisely measure and remove a stars 
twinkle, Adaptive optics, as i's now 
known, works by shining a laser at the sky 
to create an artificial star and then jiggling 
the telescope's primary mirror by the same 
amount, eliminating the effect. 

By the early 1990s, Max’s team was 
secretly developing the idea forthe military. 

“We were sure that it was such an obvi 
cous idea that [astronomers] would go ahead 
and do it,” says Max, who now heads the 
UC Observatories. “But by the time we 
were done with the project, no one had” 

Max and her team decided to seek out 
funding themselves to create the fist gen 
eration of adaptive optics strapped toa tele 
scope. Lawrence Livermore Lab was in the 
UC system at the time, so they took their 
experiment to nearby Lick Observatory 


‘Ata time when the world was wowed by 
what the Hubble Space Telescope saw above 
the atmosphere, her success reshaped what's 
possible on a ground-based instrument 

‘Max says adaptive optics played out at 
Lick because ample time was available there 
to experiment and fal. Now the technology 
is commonplace in astronomy, and teams, 
are using Lick to create the next generation, 

“If Thad gone to Keck straight from this 
crazy Livermore experiment where we 
used this building full of lasers and said ‘I 
can build you a laser guide star that will 
thang on your telescope and work every 
day; they would have said ‘Forget it, show 
me,” Max says. “One thing a flexible, 
smaller telescope can do these days is be a 
place where you bring an instrument or 
prototype and show that its practical.” 
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UcSanta Cruz astronomer Steve Vogt was onthe Lick team that found most ofthe first 100 exoplanets. 


“And that’s exactly what’s happening at 
Lick now, as engineers try to construct an 
adaptive optics system that will work on 
the behemoth Thirty Meter Telescope. 

“Isa place where you can make mis 
takes,” Max says. "You go to the Keck tele 
scope, and the nights are so oversubscribed 
that everyone kind of looks at you funny if 
you go up with a new instrument and it 
doesn't work right.” 

Filippenko agrees. “We've at the cut- 
ting edge of science,” the astronomer says. 
"This is not just some litle plaything, even 
though the university has treated it as such.” 


Funding axed 
Filippenko’s engaging style and no-nonsense 
approach has long made him a favorite on 
campus. The Berkeley student body voted 
him “best professor” a record nine times, 
‘and many consider his general astronomy 
course right of passage. His candor also 
«drew media coverage ashe fought the 
Office ofthe President for funding, Articles 
‘on the budget battle appeared everywhere 
fiom student-run newspaper The Daily 
Californian to The New York Times 

But internally, much of the fight was 
centered on one man: Steven Beckwith 

Before joining the University of Cali 
fornia, the Berkeley astronomer oversaw 
Hubble’ science operations and directed 
Germany's Max Planck Institute for Ast. 
ronomy. The well-known space telescope 
advocate was a major reason why NASA 
serviced Hubble afer the space shuttle 
Columbia crash, But when Beckwith was 
hired asthe UC's vic president for research 
and graduate studies, some, Hlippenko 
included, saw him as biased against ground: 
based telescopes — a charge he denies 
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He helped design the Automated Planet Finder to roboticaly search for planets around nearby star. 


That sentiment surfaced as California 
cut nearly $1 billion from its university 
system during the recession, Beckwith’s 
job was to oversee the resulting cuts to 
research funding across all disciplines, And 
during his tenure, UC research would take 
40 percent hit as wel as see its funding 
process completely restructured. For him, 
Lick was one piece ofa much larger puzzle, 
“We were under a tremendous amount of 
pressure to trim our costs because of the 
rising tuition,” he says, 

He formed a panel to find ways UC 
Observatories could cope with potentially 
millions in cuts. A survey of astronomers 
— excluding grad students — had previ 
ously shown Lick third on the priority ist. 

“The community was very clear that money 
should go to Keck and TMT," Beckwith says. 


The university had already cut Lick’s 
budget from $2.5 million to S15 million, 
‘The board recommended defunding Lick 
entirely and moving its operation out of the 
university to fund upgrades that would keep 
Keck competitive among the next generation 
of extremely large telescopes. “People who 
used to be my friends and colleagues were 
very unhappy with that,” Beckwith says, 
adding that many other astronomers did, 
and still do, support defunding Lick. The 
president’ office agreed and said it would 
zero out the observatory’s budget by 2018. 
Overall astronomy funds were untouched. 

But Beckwith’s board drew fire because 
some on it were administrators, not astrono. 
‘mers, One member said he'd never been to 
Lick. Another was a dance professor. 

“They set up a board that they claimed 
gave them good advice,” says UC Santa 
Cruz astronomer Garth Illingworth. "The 
board gave them the answers they wanted.” 

He believes their approach was divisive 
and odd, considering the relatively small 
amount of money needed to run Lick in 
comparison to the massive UC budget. 

“It was, ‘well shut down Lick and we'll 
cut your budget to $5 million and that will 
be it” he says. “And what was pointless 
and silly about that attempt is that at the 
same time, UC is a significant partner in a 
$1.5 billion project.” But with the univer- 
sity’s TMT share at just 12 percent — 
roughly 40 nights a year — it’s too litle to 
sustain all the UC astronomers, 

Illingworth no longer uses Lick because 
his research focuses on faint objects that 
require space-based telescopes and large, 
‘modern observatories, But he still sees older 


CONSTRUCTION BEGINS ON TMT 


‘Theinterational group behind the Thirty 


Meter Telescope expects tospend more than a 
billion dollars to build the instrument by 2024, 


groundbreaking and indigenous blessing 
ceremony was held on Hawai's Mauna Kea in 
‘Octaber for the behemath Thirty Meter 
Telescope (TMI) When complete the TMT's 
primary mieror will be twice the width of a bas- 
ketball court. Even the telescope's secondary 
mirror wil be 10 meters across placing it 
among the largest mirors currently in use, 
‘And despite the TMs incredible diameter, the 
‘mieror willbe only about 2inches (50 milime- 
ters) thick and composed of 492 individual 
segments of glass. The telescope builds on the 
design of the highly successful W. M. Keck 


(Observatory which sts nearby. if complete before the 39 3-meter European Extremely Large 
Telescope as planned, its incredible optics wll make it the largest telescope in existence, The 
‘TMT partner groups, which include the Universit of California, China, India Japan, Canada, the 
California institute of Technology, and the Assocation of Universities for Research in Astronomy, 
‘expect to spend as muchas $1.4billon on construction. The U.S. might also buy in asa partner. 
‘Astronomers will use the TMT to gain unprecedented views of fant abjects ke planets orbiting 
‘nearby stars and galaxies seen in the early universe, —E.8. 


Nowan antique, the 36-inch Great Lick Refractor 
‘was once the world's most advanced telescope, 

Its feats indude the discovery of Jupiter'smoon 
‘Almathea, ahostof comets, double stars, and 
‘nebulae, plus pioneering astrophotography work. 


instruments as having an important role, 
“A lot of things in astronomy need large 
amounts of observations,” Illingworth says 
“Ata level of $1.5 million a year, [Lick] isa 
bargain in my view.” 


Gaining ground 

‘As the headlines grew about the fight for 
Lick, so did the public's support. In February 
2014, 35 members of the California con: 
‘gressional delegation sent a letter to newly 
appointed UC President Janet Napolitano. 
The politicians championed Lick as cutting. 
‘edge science done at reasonable cost. 

‘The administration didn't waiver in its 
decision and sent a reply that rebuked their 
support. “The use of Lick by our astrono: 
mers has steadily decreased and is now 
limited toa small number of individuals at 
just afew of our ten campuses” read ale 
ter signed by the president. That response 
incensed the elected representatives, who 
rejected its claims as being patently false 

“We are concerned that you informa- 
tion is not entirely accurate and that perhaps 
‘yu don't fully appreciate the importance 
‘of Lick, or of the University of California's 
‘ongoing support for the observatory, to our 
constituents and California," the letter from, 
congressional members stated 

By that point, much of the California 
astronomy community was in an uproar. 

Beckwith quietly resigned. Sandra Faber, 
4 UC Santa Cruz astronomer who oversaw 
UC Observatories through the fight with 


the president’ office, also stepped down, 
‘Max was named interim director, and the 
fresh blood brought new dialogue. 

In late October, Provost Aimée Dorr 
abruptly rescinded the letter she initially 
sent announcing Lick would lose its fund: 
ing. That move did not include any addi- 
tional money to pay for Lick, but it restored 
the financial decisions to the observatories. 

For her part, Dorr maintains the move 
to defuund Lick was misconstrued. 

"We never said that we were going to 
close Lick or that we wanted to close Lick,” 
Dorr says, “We did say that we did need to 
find a different funding model for Lick 
based on what the UC astronomy commu- 
nity identified as priorities, what they said 
about how much money they had, and how 
such they could afford.” 

‘She admits she used "kinder and gentler 
language” when discussing Lick funding 
than she used in the budget leter that 
sparked the outcry. In the reversal, Dorr said 
Lick, Keck, and TMT are part of an “inte 
grated ecosystem that can together maintain 
and geow UC’s leadership in astronomy.” 


Google’s gift 

That policy shift almost immediately net. 
ted donations for Lick. Within weeks, 
Filippenko secured a donation of $350,000 
from the Heising-Simons Foundation and 
the Kast family to upgrade the Kast Spectro: 
graph, which i attached tothe Shane 
Telescope and used for an array of research, 


‘San Jose lights up the horizon as astronomers ure the 3-meter Shane Telescope's adaptive optics to 
tame the twinkle of stars during an observing run. 


‘And recently Filippenko convinced 
Google, the tech titan down the road, to 
give SI million, Some of that money will go 
toward adaptive optics work and hiring 
back stafflost due to cuts. He hopes the gift 
convinces others to donate as well. 

“To maintain and expand Lick inthe 
Jong run, we would like an endowment of 
something like $50 million,” Flippenko 
says. The observatory would use investment 
{interest to operate as well as expand both 
research and educational programs. To sur- 
vive long term, Faber, the former director, 
says Lick must recast itself as vital to that 
larger UC astronomy ecosystem while 
improving outreach efforts, “In Palo Alt, if 
you point to the mountain and ask who 
runs [Lick], people sy Stanford,” she says. 
“We've completely lost our public relations.” 

For now, the larger question of how 
to fund California astronomy remains 
‘unanswered. The current budget is several 
rillion short of what UC astronomers say 
they need to meet ther obligations. And 
asthe TMT comes online, new questions 
will emerge about Keck’s fate, which will 
be three decades old by then and no longer 
‘unique in its abilities. 

Still, Max says Napolitano’: support 
gives them something to work with. "For 
the time being, they're not giving us any 
‘more money.” Max says. “The good news i, 
\we have a stable base now that allows us to 
0 to donors and say the uncertainty is over; 
help us be outstanding in the future.” 9 


sianomy.com 51 


“Explore the Virgo Cluster 


- Live large this month as you observe some of the biggest objects i inthe universe. 
text by Michael E. Bakich; image by Terry Hancock" - 2 


MAY IS AGREAT TIMETO OBSERVE galaxies in the eve- , but the thickest concentration inhabits Coma Berenices and 
ning sky The densest part ofthe Milky Way ( 

Sagittarius) hasn't risen high yet, so intervening dust and gas__help youn: jion, we've prepared this quide based 
Won't impede your view ofthe star cities that liein the ds- "on the terrficimage sen in by Terry Hancock of Fremont, 
tance. Youllfind lots of the Northern Hemisphere's spring gal- Mi 

~ axies in the constellations Ursa Major, Leo, and Canes Venatici, 


Virgo. This region marks the center of our local supercluster. To» 
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TRAVELOGUE 


Stars, rock ‘n’ roll, A 
and the meaning. 


‘The beautiful Canary Islands provided a backdrop forthe second Starmus Festival, held September 
22-27, 2014, on Tenerifeand La Palma. 019: 


‘Theoretical physicist Stephen Hawking lectured twice at Starmus, here describing theins and outs 
Df black holes. ws. 


The 2014 Starmus Festival hat do you 
featured a spectacular lineup assemble astronomen, 
of notable scientists, including Prize-winning scents 


tephen Hawking, for a the second Starmus Festal, unig 


beautiful Spanish Canary Islands off the 


astronaut-explorers, Nobel 


the world’s largest telescope. 


by David J. Eicher northwestern coast of Africa 
TThe Starmus Festival is the brainchild 


of Garik Israelian, its founder and direc: 
tor, an astronomer atthe Institute for 
Astrophysics in Tenerife. His friendship 
with Brian May, astronomer and rock band 
Queen founding member and guitarist, 
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s key t 
stands for stars + music. In 197 


stablishing Starmus, which 
before 

Queen took off, May was working on his 

Ph.D. dissertation in the Canaries, but he 

left that work when Queen began its leg 

endary career. More than 35 years later, in 
)08, May returned to finish hi 

tion, on dust in the plane of the 


tem, and Israelian, also musically in 


became his great friend and project adviser, 


The seeds of Starmus were planted. 
The frst Star 
tively modest 


us Festival was a rela 
with some 20 


ond Starmus had the theme of 
The Making of the Modern 


Via 
aw 


Cosmos” and took place 
2014, at the Ritz-Carlton Abama Resort in 


for the amaz. 
ing event, and this year we had more than 
800 people in attendance. Astrono 
significant advertiser and partner in 
many events, California-based telescop, 
manufacturer Celestron, served as a Gold 
Sponsor of Starmus this time. 

The list of speakers for this year’s 
Starmus was astonishing, It included 
Israclian; May; celebrated cosmonaut 
Alexei Leonov, the first human to walk in 
space; Nobel Prize winners Harry Kroto, 
John Mather, and Robert Wilson; Apollo 


fa 
AN) 
Wy 


“, 


astronauts Walt Cunningham and Charlie 
Duke; evolutionary biologist Richard 
Dawkins; paleoanthropologist Katerina 
Harvati; theoretical physicist John Ellis; 
physicist Mark Boslough; and me. The 
headliner, the most amazing name of al, 
was theoret 

who would deliver two talks. 


Hitting the ground 
running 

‘My wi Lynda, and I started the long trip 
from Milwaukee to Chicago to Madrid 

to Tenerife on September 22. After w 
arrived, 
a paradise, the European equivalent of 


al physicist Stephen Hawking 


fe saw that the Canaries ar 


Robert Williams, former director ofthe Space 
Telescope Science Institute, hosted several of the 
talks and also serves on the tarmus Board of 
Directors. ons noth 


‘Astronomy magazine Editor David J. Eicher 
‘describes the state of knowledge in astronomy 
land scence and how itneeds to improve, chal: 
Tenging the group tohelp spread interest in 
‘genuine science themes. ovo: con 


Hawaii, exceptionally beautiful voleanic 
islands with one of the world’s greatest 
skies overhead. The only problem was that, 
wwe arrived without any real sleep for more 
than a day — and the first day at Starmus 
‘was just getting started. 

Lynda and [hit the ground running and 
made it into the front section for the open: 
ing ceremony, in which Garik Israelian 
welcomed the delegates along with local 
officials, and then we heard some wonder: 
ful opening remarks from Brian May and 
Richard Dawkins. An old acquaintance 
and a towering scientist, Robert Williams, 


David J. Eicher is editor of Astronomy, was 
‘executive editor of the book Starmus: 50 Years of 
‘Man in Space (Canopus Publishing Ltd, 2014), and 
‘son the board of directors ofthe Starmus Festival, 
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Listening 


tentively in the audience on the first day are from left to right Richard Dawkins, Anita 
Dobson, Brian May, and Alexei Leoney. ws n.csacstis 


a. 


Evolutionary biologist Richard Dawkins describes how alien beings might appear and how they might 
‘evolve us sinoinennis 


former director of the Space Telescope 
Science Institute in Baltimore, chaited the 
first session. He introduced another Bob, 
this one a Nobel Prize winner, for the first 
talk, Robert Wilson described his 1964 
discovery, along with Arno Penzias, of 

the cosmic microwave background radia- 
tion at Bell Labs in New Jersey. This was a 
remarkable turning point that validated the 
Big Bang theory of the cosmos. 

1 then delivered my talk, "Does the 
Universe Really Care About Itself? 
Communicating Astronomy in the 2Ist 
Century.” in which I lamented the qual- 
ity of information about astronomy in TV 


programs and the general ack of support 
for science among the public, L also covered 
the abundant nonsense we see focused on 
unteality rather than reality, the challenge 
of light pollution, and the general lack of 
young people getting into serious subjects 
in this era, I did then offer numerous areas 
of exciting science that we can focus on in 
the future and offered a challenge to the 
group to rise to the occasion and remake 
‘anew generation of space enthusiasts. I 
quoted May, who wrote “This world has 
only one sweet moment set aside for us” 

— from the Queen song "Who Wants to 
Live Forever” — and challenged the room 


TENERIFE & LA PALMA 


‘Anthropologist Katerina Harvati explains the relationship between modern human origins and the Neanderthals. 201 ose 


to make this moment ours to re-inspize the 
‘world with science, The talk received great 
applause, and I was stunned when later in 
the afternoon Dawkins and Alexei Leanov 
both referred toitin their talks, 

have to say how inspiring it was to 
see my friend May again, Just as he had in 
Chicago at the start of Queen's tour this 
summer, he blurted out, "David!” gave me 
a big hug, and asked how our trip was. I 
noted we were short on sleep and asked 
him if he had yet recovered from the 
Queen world tour, to which he laughed and 
said, “From New Zealand? Not yet!” He 
‘was all smiles and was accompanied by his 
lovely wife, Anita Dobson, 

‘After a break, Leonov made some 
inspiring remarks to the crowd, wel: 
‘coming them in his native Russian and 
assisted by a translator. Dawkins then 
described a huge amount about biology 
in his guide to what alien life on other 
‘worlds might be like, an incredible talk 
that reflected much about forms of life on 
planet Earth. After that, Katerina Harvati 
delivered the final presentation of the day. 
which focused on her fascinating research 
‘on Neanderthals and their relationships 


to Homo sapiens, and much about our 
hominid ancestors. It was an amazing 
presentation! 

We then broke for a while, and the 
whole group went down for a seaside din: 
ner ata spectacular outdoor restaurant, 
accompanied by fine wines anda live 
band. We were fortunate to be joined by 
good friend Glenn Smith, a planetarium 
‘mastermind who runs SkySkan’s business 


in Munich, along with Dawkins, Harvati 
and her lovely family, and Wilson and 

his charming wife, We also had Stephen 
Hawking to one side of us and Apollo 7 
astronaut Walt Cunningham on the other, 
It wasa magical night. 


Hawking takes the stage 
On Tuesday, September 23, the second 
day of Starmus, we traveled from our base 


CANARY ISLAND 


at the Ritz-Carlton Abama Resort to the 
‘Magma Arte & Congresos, a large audi 
torium, for several special events. First 
‘May delivered a great presentation on 
stereo imaging in astronomy, with numer- 
‘ous examples he has made of solar system 
objects — moons, planets, asteroids, and 
comets. He even employed a test image 

of original Queen lead singer Freddie 
‘Mercury to explain the principles of 


parallax and image creation. It was an elec: 
ttifying talk — with the audience wearing 
3-D glasses — presented twice to accom: 
‘modate the huge crowd, 

Then, the world’s most famous theoret: 
ical physicist, Hawking, delivered a superb 
lecture on the origin of the universe, 
following a short film with loud music 
and amazing graphics — a real rock star 
intro! The talk was magnificent, and it 
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STARMUS: 50 YEARS OF MAN IN SPACE 


The result ofthe first Starmus Festival, held in 201, Starmus: 50 Years of Manin Space (Canopus 
Publishing Lid, 2014) isan incredible book ike no other published before it in astronomy and 
space exploration. It's profusely illustrated with numerous color photos and illustrations 

‘The bulk ofthe book consists ofthe talks made by an all-star cast of speakers at the origl+ 
ral Starmuls Festiva, including some of history's greats: Neil Armstrong describes Starmus 
and the meaning of life on Earth; Buzz Aldrin outines his vision for exploring Mars Jim Lovell 
detail the crippled Apolla 13 mission and its perilous return to Earth; Alexei Leonov recounts 
his historic mission during which he completed the fist spacewalk in orbit Bill Anders recalls 
the early American space programy Chatle Duke describes Apollo 16s adventures on the 
‘Moon; and Viktor Gorbatko explains the earliest days ofthe Soviet program, 

‘And there isso much more. Brian May asks, “What Are We Doing in Space?” while Jack 
Szostak explores the origin of life on Earth, Richard Dawkins describes the story of evolution 
ary biology, Michel Mayor outlines the discovery of extrasolar planets, and il Tarter explains 
the search for extraterestrial intelligence. 

‘Astronomy and cosmology run deep inthis volume. Adam Burrows describes recent find 
Ings in high-energy astrophysics. Gariklsraelian outlines the wonders of the acoustic universe. 
Kip Thorne explores the fact and fiction of black holes. Joe ilk outlines the creation of the 

Universe, while George Smoot 
‘walks through a chronology of the 
‘cosmos and Robert Willams offers 
five major breakthroughs in astra: 
‘omy’slast five decades. Beyond 
astronomy, Rich Goldman invest- 
‘gates the marriage between space 
and technology, while Sami Solanki 
‘describes global warming and won- 
‘ders how much of it may be inked: 
to the Sun. Lesie Sage details how 
astronomy has changed what it 
means to be human. 

Lastly, Sergel Zhukov proffers 
thoughts on the future of Russian 
‘cosmonauties, Claude Nicalier 
describes his experience as an 
astronaut servicing the Hubble 
‘Space Telescope, and Yuri Baturin 
reflects on what it means to be an 
astronaut. 

‘And as an extra treat, the fore- 
word is written by world-renowned 
theoretical physicist Stephen 
Hawking! —0.1.E 


5B ASTRONOMY Wy 


‘was really moving to see perhaps the most 
brilliant person in the world, held captive 
in his chair by a terrible motor neuron 
disease, speaking through his voice syn- 
thesizer about the most amazing aspects 
of the cosmos. Plus the talk was of course 
peppered with Hawking’s trademark 
humor throughout, 

‘We then heard from an old friend of 
Astronomy magazine, John Mather, who 
‘won the 2006 Nobel Prize in physics for 
his work with the Cosmic Background 
Explorer satelite, which confirmed the 
cosmic microwave background radiation 
and erased any doubts about the validity 
of the Big Bang. As the project scientist for 
the James Webb Space Telescope, Mather 
spoke about how that mission is coming 
along, on schedule for a 2018 launch, and 
how the telescope will in essence succeed 
Hubble and offer potential solutions to 
‘major questions in cosmology. 

Following a dinner, the group recon. 
vvened for a talk by Mark Boslough of 
Sandia National Laboratories in New 
‘Mexico on “death plunges,” asteroids and 
comets plunging into Earth's atmosphere 
and ablating or striking our planet’s 
surface. This surveyed 2013's Russian 
Chelyabinsk fall, the K-Pg impact and the 
dinosaurs, and many other objects, and. 
then Boslough looked at potential solu- 
tons toa catastrophic impact with another 
near-Earth object. It wasa perfect prelude 
to the exclusive screening of the soon-to. 
be-released film 51 Degrees North, which 
depicts the fictional fall of a meteorite into 
London and other areas on Earth, It was 
dramatic and gripping as well as beauti- 
fully filmed and edited. The film's director, 
Grigorij Richters, was on hand along with 
the principal actors and May, who provided 
the film's musical score, 


Looking back and 

looking ahead 

Starmus rolled along Wednesday, 
September 24, with another full slate, In 
the morning, we bad a “meet and greet” 
with the speakers — lots of signings and 
photos snapped with many dozens of the 
delegates among the invited guests and 
VIPs, Immediately following that session, 
the organizers held a massive book signing 
forthe first Starmus book with its editors 
—Israelian, May, and me — as well a all 
the current speakers. Starmus: 50 Years of 
‘Man in Space (Canopus Publishing Ltd., 
2014) contains al the talks from the first 
Starmus Festival in 2011 I had the fortune 
of sitting next to May during the session, 


[Atte Starmus:50 Years f Man in Space book signing, Editor David J. Eicher 


jokes with Brian May. oo: 2001 


and for an hour we frantically signed 
uncountable copies and had lots of fun 
chatting about this and that 

‘Then we were ready for the day's regu: 
lar sessions to begin. Israelian ran up 
to me right beforehand and asked, “Has 
anyone talked to you? You're chairing the 
session today!” This was news to me. And 
then he said, “And the translators are 
here yet, so please just get up and talk 
for about 10 minutes!” So I delivered an 
impromptu philosophical talk about what 
‘we were learning, the Apollo program, the 
mammoth cosmic distance scale, and how 
we need to take great care of our valuable 
planet Earth and its inhabitants, which 
seemed to go over quite well 

Shortly thereafter, the scheduled talks 
began, We had fantastic presentations, 


‘Apollo 7 astronaut Walt Cunningham speaks on 
‘the necessary dangers of space exploration. 


‘Astronaut Charlie Duke details his adventures on the nar surface dur 


‘the Apollo T6 mission, wscasvsomuue 


first by Apollo 16 astronaut Charlie Duke, 
who described his experiences on the 
Moon, which held the audience in absolute 
amazement. Then a huge crowd favorite 
followed, Nobel Prize-winning chemist 
Harry Kroto, who described his work on 


carbon nanochemistry and the discovery 
of buckminsterfullerene, peppered with 
lots of amazing anecdotes and interesting 
stories, leading to a standing ovation from 
the audience. 

Following a coffee break, we heard 
from Cunningham, who told us about his 
experiences in the Apollo program and 
also talked a great deal about the lack of 
an adventurous, risk-taking culture in our 
present world, which is sad and prevents 
the kinds of challenges and missions we 
cought to be doing now, 

The las presentation of the day came 
from the great theoretical physicist John 
Ellis, who described his particle physics 
work at the European Organization for 
Nuclear Research, the Higgs boson, the Big, 
‘Bang, and the future ofthe universe. It was, 
mesmerizing! 

‘We were all left with an incredible feel- 
ing of another mind-bending set of talks, 
and this was only added to for Lynda and. 
‘me by joining Smith, a leader in the plan- 
etarium world, in a quite fancy dinner. 

As we were assembling, we were joined. 

by Dawkins, and so the four of us talked 
over astronomy, biology, the meaning of 
life, and even Monty Python with one of 


science’s greatest minds over a wonderful 
‘outdoor dinner near the sea, 


Under the telescope 
(On Thursday, September 25, speakers and 
‘VIPs from Starmus boarded an aircraft 


at Tenerife North airport and set offon a 
30-minute flight to another ofthe Canaries, 
{La Palma, to tek to the world’s largest 
single-aperture optical telescope, the 10 
eter Gran Telescopio Canarias, Situated 
atthe peak of La Palma atan altitude of 
70438 feet (2.267 meters), the telescope 
is, of course, the instrument ofa large 
amount of cutting-edge research in mod 
ern astronomy. This mammoth telescope 
became the backdrop fora special event 
that evening, a 108-minute roundtable dis 
cussion among some ofthe Starmus speak: 
ts, moderated by Williams. Participants 
included Cunningham, Wilson, Iselin, 
Koto, Mather, and the directo of the 
Institute for Astrophysics at Tenerife, Rafael 
Rebolo. Also joining us from Tenerife were 
Hawking and Harvati. The 108 minutes, 
signifying the length of Yust Gagarin’ his 
toric first light into space, covered a wide 
ange of topics in astronomy and ast: 
physics. Hawking finished with a statement 
fn science and religion, concluding that 
science must take the lead in understanding 
the cosmos because “there is no god.” 

‘After the big event, we explored the 
Gran ‘Telescopio and its control room, had 
dinner in the astronomers’ quacters, where 
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“An extraordinary 108-minute round- 
table occurs underneath the 10.4-meter Gran 
Telescopio Canarias, the largest optical telescope 
in the world, featuring (from lft to right) Walt 
Cunningham, Robert Wilson, Rafael Rebolo, 
Robert Williams, Gaiksraelian, Harry Kroto, 
and John Mather. ss szancrusaae 


‘we were staying the night, and visited with 
‘many of those who came along on the jour 
ney. Lynda and I enjoyed a wonderful meal 
‘with Cunningham and his lovely wife, Dot. 
We then prepared ta sleep on the mountain 
so that we could transfer back to Tenerife 
the next morning. 


Star-filled rock ‘n’ roll 
On the fifth day of Starmus, Friday, 
September 26, the speakers and other 
invited guests weapped up our overnight 
stay on La Palma by exploring the many 
telescopes on the mountain, with the sum 
mit unfortunately surrounded in some 
fog, and then proceeded back tothe ar 
port to return to Tenerife 

‘After arriving in midafternoon, we 
checked back into the Abama Resort and 
then jumped into another bus and headed 
to the Magma Arte & Congresos to see 
‘one of the highlights of the week, the Sonic 
Universe Concert. Rick Wakeman, legend: 
ary keyboardist of the rock group Yes, and 
his band took the stage and for two hours 
blasted the Starmus delegates and many 
locals who came for the show with some 
amazing rock roll. The band was inter 
mittently joined by May, who played along, 
with several songs, including a Brighton 
Rock: style guitar solo jam with his famous 
Red Special. He also grabbed a 16-string 
acoustic and entertained the crowd with a 
rousing rendition ofthe celebrated Queen 
song "39," sci-fi zomp about time dilation 
fiom relativity theory. 


[tthe Sonic Universe Concert, Brian May knocks 
outa solo on his legendary Red Special guitar. 


ever shoot for the Moon. Amazingly, he 
‘employed a blackboard and wrote out 
many interesting diagrams during his 
incredible talk. Hawking then delivered a 
wonderful presentation on black holes. We 
also had music from a variety of stellar acts 
— Wakeman, the amazing composer and 
performer Alexandros Hahalis, and the 
beautiful and talented soprano Katerina 
Mina. It was a fantastic way to wrap up the 
festival. 


Starmus imaging 

‘With the main event over, the next day 

1 rented a car and made the incred- 

ible journey up Mt. Teide to the Teide 
Observatory, where for the next few days 

a small group of just 15 attended the 
Starmus Astrophoto School under some of 


On September 27, the group traveled to 
the Auditorio de Tenerife for a special presentation 
honoring Alexei Leonov and Neil Armstrong. 


(On September 27, the final day of the 
main Starmus Festival, the group traveled. 
tothe Auditorio de Tenerife for a special 
presentation honoring Alexei Leonov and 
Neil Armstrong. This Space Legends pro- 
‘gram featured a presentation by Leonov 
‘on the planned Soviet lunar program that 
never got off the ground, with thoughts 
‘on whether Russian cosmonauts will 


the greatest skies on Earth, Well-known 
English astroimager Damian Peach kicked 
off the festivities with a talk about imag. 
ing the giant planet Jupiter. 

‘followed with a talk titled “Astro. 
photos the World Wants to See: An Editor's 
Perspective.” Then another imaging friend 
and colleague, Rogelio Bernal Andreo, gave 
a talk on producing winning nightscapes 


Festival founder Ga 


sraelian shares highlights 
from the first Starmus book, wasasvaceisvnt 


— those breathtaking, wide-angle shots of 
celestial phenomena. 

The second day featured Andreo 
describing the intricacies of deep-sky 
{image-processing techniques with the 
popular program Pixlnsight, Peach then 
described his sensational techniques for 
imaging comets, along with numerous 
breathtaking cometary images. It was an 
afternoon filled with mesmerizing details 
and great pictures. 

(On the third day, I shared some astro: 
photo gems from the vault of Astronomy 
‘magazine, and Peach concluded with a 
‘workshop on useful processing techniques. 

Starmus was an experience like no 
other I've ever had, One thing is certain: 
Another Starmus will happen not long 
from now, and Astronomy magazine again 
will be involved, helping bring you the 
‘most amazing event in science! @ 


WWWASTRONOMY.COM 61 


| HISTORICAL ASTRONOMY 


Touring the 
Herschel Museum 


‘Any amateur astronomer will experience the thil of discovery upon visiting the Herschel Museum of 
‘Astronomy. The facility sits on an unassuming street in Bath, England, us sin 


Imost 100 miles (160 kilometers) 
‘west of London sits an English 
city with a history that stretches 
back almost 3,000 years. Named 
“Aquae Sulis by the Roman con- 
querors because of the flowing thermal 
springs that gave rise to a temple and a 
multitude of Roman baths, this popular 
spa town has seen pagan pilgrimages, 
Saxon invasions, a cultural renaissance, 
and archaeological excavations, as well as 
a benchmark astronomical discovery. 
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All the attention by historians and 
nearly 4 million visitors each year finally 
prompted UNESCO to designate the city as 
a World Heritage Site in 1987. By a cizcu- 
ious route that takes in the city’s cultural 
uses and the labyrinthine changes in local 
language, itis today known simply as Bath, 

Recently, went to Bath to record an 
astronomy podcast, The setting was one of 
the beautifully restored Georgian houses 
that make Bath so architecturally rich — 
the former home of the Herschel family. 


Ifyou find yourself in Bath, 
England, take a walk through 
the well-preserved home of the 
astronomer who found Uranus. 
by Ralph Wilkins 


‘One ofthe treasures of the museum i Wiliam’s 
7foat telescope. twas through a6 inch reflec- 
‘torlike this one thatthe astronomer discovered 


Uranus. susie 


Here between 1777 and 1784 (which 
included a bit more than a year away to 
serve the king), Friedrich Wilhelm 
(Anglicized to William) made the finest 
astronomical instruments of the time. He 
also discovered the planet Uranus with a 
home-built 6-inch £/13 Newtonian tele 
scope. That house is now a museum dedi: 
cated to William and his family, where any 
visiting astronomy enthusiast immediately 
feels humbled upon entering the olive 
green door to 19 New King Street. 


Begin your discovery 
With an understated sign to inform you 
that you'e at the right place and a tra- 
ditional brass plate engraved with the 
‘words "he William Herschel Museum,” 
(now known as the Herschel Museum of 
Astronomy), you barely notice that you 

are entering into a world of scientific dis. 
covery. Indeed, this isa place where an 
entire family collaborated to look farther 
into space (to paraphrase William) than 
any human being did before them. And, as 
abit of revelation that proves we live in a 
small world, I discovered that Astronomy 
Editorial Advisory Board member Brian 
May has been the museum's patron since 
December 2013. Sir Patrick Moore had 
filled that slot until his death in 2012. 

‘The family combined the growing sci 
entific genius of William, the keen asron- 
‘omy interest ofhis sister Caroline, and the 

ecret weapon” (as described by the muse 
ums manager, Joe Middleton) — the engi 
neering abilities of their brother Alexander. 

(On fisst appearance, this modest town. 
house appears far too unassuming to be a 
trove of advanced scientific instrumenta- 
tion ofthe age, sketches and notes of astro- 
rnomical discoveries, and letters excitedly 
‘written and dispatched between the 
Herschels and the leading figures in 18th. 
‘century astronomy. 

‘Asyou enter the house, the floors have a 
reassuring creak, and during the daytime, 
the sash windows cast a beautiful light onto 
the piano and harp in the music room, 
“Music was William’ original passion and 
profession, He followed in his fathers foot: 
steps and became an oboist in the 
Hanoverian (now German) Army band. 
Soon afier, a French army occupation dur 
ing the Seven Years War (1756-1763) forced 
19-year-old William to flee to England and. 
learn a new language. 

‘Once there, he made his way 
asa sheet music copier, a music 
teacher, and, eventually the 
‘organist atthe fashionable 
Baptist Octagon Chapel in Bath, 
The museum's music room dis: 
plays the ravaged keyboard and 
pipes from the organ William 
played. Many other exhibits high- 
light his musical accomplishments 
that included 24 symphonies and 
M concertos. 

‘Yo bridge the gap between 


music and astronomy, a small a 
‘but beautifully crafted brass * 
refracting telescope sits atop 

the piano, Telescopes of this St 


ao" 


‘These images show Willam’s basement optics shop, complete with tools (top) 


ting from the late 


18th century. The wall to the right ofthe furnace (lower lft) has a door that opens to the kitchen. The 


kind initially satisfied William's burgeon: 
ing curiosity in optics and stargazing — 
but only for a short time. He 
wanted to improve the quality 
of his equipment and to cast a 
scientific eye to the skies. Those 
desires fueled a lifetime of tele- 
scope building, mirror polishing, 
and lens grinding. 
‘These activities turned him. 
from a musician dabbling in 
‘optics to the maker of the finest 
telescopes in the world. None 
less than England’s 
Astronomer Royal, Nevil 
¢ Maskelyne, bestowed 
that epithet upon 


Bt, William after comparison 
LONDON trials withthe telescopes 
henge considered to be the best at 


‘floor — stil the original — cracked when William dropped a molten metal mirror ont aca: sven 


the Royal Observatory in Greenwich and 
other observatories around England, 

This reputation helped William sell his 
telescopes, lenses, and mirrors to supple- 
‘ment his income when he spent the years 
1779 through 1781 away from Bath as the 
King’s Astronomer (an honorific title that 
hhas no association with the more formal 
Astronomer Royal) on a much reduced. 
income. A pension from the king, patron. 
age from dignitaries around the world, and 
‘a premium for his best telescopes and mir- 
rors allowed William to concentrate solely 
‘on his new passion, astronomy, leaving his 
‘musical profession as a secondary concern, 


Caroline, too 

{In April 2014, the Herschel Museum of 
Astronomy opened its new exhibition, 
“Being Caroline” Although Caroline 

Cy 
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Caroline wrote this letter announcing that she had discovered her fourth comet surest 


Lucretia Herschel was dependent on her 
‘older brother for certain things, she also 
‘was crucial to many of his discoveries 
and an accomplished astronomer in her 
‘own right. Her DNA weaves throughout 
the museum and its display cases, and the 
staff delights in telling her story. 


Ralph Wilkins i an astronomy communicator in 
the United Kingdom. Hesitson the committee of 
the Baker Street Inegular Astronomers astrnom- 
calsociey, organiaes the AstroCamp star party, 
‘and co-presents the Awesome Astronomy podcast 
(owswanesomeastronomy.com or via Tunes) 
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Her dress in the music room reveals the 
stature ofa woman who never grew taller 
than the 4 feet 3 inches (1.3 meters) she 
attained at 10 years old, du to contracting 
typhus Her letters inthe display cabinets 
show a devotion to observation and a 
childlike delight in her discoveries. She 
crafted letters to many ofthe notable 
astronomers ofthe day with a warmth that 
hides the scars she must have borne from 
an upbringing that included frequent beat 
ings from her mother, the death of her 
father (forcing a move toa foreign coun- 
try) and her reliance on her brother for 


financial support and intellectual encour- 
agement for most of her life. 

Rising from the humblestcircum- 
stances, Caroline made her own mirrors 
for more than a decade. She took diligent 
notes of her brother's observations night 
after night to become an accomplished 
astronomer herself. Yet her letter in 1790 to 
‘Alexander Aubert (a Fellow of the Royal 
Society and a like-minded comet enthusi- 
ast) shows a deep humility, as she appears 
almost apologetic for bothering her friend 
with the discovery of her fourth comet. 

‘A further letter on display shows the 
casual and understated style with which 
her more confident brother announces 2 
comet of his own: “Dear Lina [William's 
‘name for his sister], Last night ! popt upon 
a comet. This visible to the naked eye 
between Fomalhaut and Beta Ceti” 


Home of superb optics 
Descending into the bowels of the muse- 
tum, a re-creation of a Georgian kitchen 
fills the cellar space and leads you into the 
very workshop whee the finest telescope 
1mirrors and eyepieces in the world were 
sade. This room spans perhaps 7 feet by 
15 feet (2 by 5 meters) and contains rep- 
lica instruments for grinding lenses and 
‘melting speculum (an alloy of copper and 
tin) to polish into mirrors. The floor still 
shows the cracks where a failed mirror- 
aking attempt ended in explosive catas- 
trophe but, luckily, with no fatalities or 
hindrance to astronomical discovery. 

‘Apart from the telescopes made here, 
‘hose quality was beyond question, some 
of the eyepieces crafted in this workshop 
attracted ridicule when William claimed 
they achieved powers of 6,000x. He made 
them from Jamaican Rain Tree wood (still 
used today for making the oboes that 
‘would have been so familiar to hitn) and 
then handcrafted the lenses. William H. 
Steavenson, director of the British Astro- 
‘nomical Association's Mars Section and. 
later president ofthe Royal Society, put this 
claim to the test in 1924 

‘The highest-power eyepiece of William's 
still in existence in 1924 was in the posses- 
sion of his great-grandson Reverend John 
Herschel. In microscope ests, it showed a 
tiny focal length of 0.28mm, which on 
Herschel’: 85.2-inch-focal-length scope 
would have actually given him a power of 
7729x. Steavenson, who had a patticular 
interest in optics, was wise enough not only 
to putin the hard work of cleaning and 
measuring these eyepieces, but also to 
reward himself with views through them. 


‘Ata magnification approaching 10,0008 
in his 6-inch refractor, Steavenson was able 
to vindicate Williams claims by observing 
part ofthe body and rings of Saturn. If 
William Herschel had used this eyepiece, 
having no guiding system, it would have 
taken just two seconds for his object to pass 
across the field of view. 

William's granddaughter referred to 
these ultra-high-power eyepieces as stunt 
eyepieces, William built them, she said, in 
‘order to see just how far he could push 
‘optics rather than for their use in practical 
astronomy. However, so advanced was the 
design and craftsmanship that these eye- 
pieces, made more than 230 years ago, were 
subsequently referred to in Monthly Notices 
of the Royal Astronomical Society as "a ti 
umph of manipulative skill” 


Abit more on Caroline 
Before you enter the museum's garden 
You pass through a modern addition to 
the museum dedicated to the Caroline 
Herschel exhibition, More letters and 
pictures are here. You'll also find a color 
ful, eye-catching magazine —a Wonder 
Woman comic dating from 1952. This 
publication depicts Caroline asa "Wonder 
Woman of History” from an age that 
ignored the value of women in science. 
‘The mere fact that it featured her as 
positive role model ina comic weitten dur 
ing a time that still largely marginalized 
‘women's roles and accomplishments says a 
lot about her stature, It wasa fitting 20th- 
century tribute to an uneducated foreigner, 
living in England in the shadow of hee 
brother, who rose to mix with the kings 
and queens of Europe, discovered galaxies, 
rewrote the standard siar catalog of the 
ay, found eight comets, earned a salary 
fiom the king (making her the first profes: 
sonal female astronomes), and was 
awarded the Royal Astronomical Society's 
Gold Medal 


Where a planet was found 
Moving into the museum's garden, you 
find well-tended flower beds, a modern 
sculpture, and a sundial, You'll find no X 
or plaque marking any spot. 

Bur this is indeed the place where, on 
the night of March 13, 1781, William set up 
his 6-inch reflector. He then observed what 
he thought was a 6th-magnitude comet, 
60" in altitude, midway between the stars 
Elnath (Beta [f] Tauri) and Allena 
(Gamma [7] Geminorum) 


1n2014, the museum 
presentedan exhibit 
‘on Caroline. This 
images froma 1952 
Wonder Woman 
comic, part ofthe 
series"Wonder 
Women of History,” 
Whichalzoindluded 
‘Marie Curie, Joan of 
‘Arc, and Florence 
ightingale. uy wuxns 


Inaddition to telescopes, William made eye- 
pieces — some of which gave extremely high 
rmagnifications.sarvins 


Further observation showed it was nota 
comet but rather the fist discovered 

planet. After the Swedish/Russian astrono- 
mer Anders Lexell calculated its orbit, 
William named the new planet Georgium 
Sidus (Latin for the Georgian Star) aftr his 
royal patron, King George IIL However, as 
the name didn't fallow the convention for 
planet designations, astronomers replaced 
it with the now familiar name Uranus. 

le was perhaps not surprising that ha 
ing found a new planet, William might 
enjoy observing it. And, being obliged to 
show this distant world to dignitaries in his 
role as the King's Astronomer, his time 
spent atthe eyepiece on this object allowed 
him to discover two moons around his 
Georgium Sidus. 

William’s son, John, named these two 
‘moons Oberon and Titania once other 
astronomers had confirmed them after 
Williams death, ‘The 27 known moons of 
Uranus followed John's naming convention 
and share their names with characters 
from the works of William Shakespeare o 
Alexander Pope. 


An awe-inspiring visit 
A beautiful replica of the scope William 
used to discover Uranus is on display in 


HAT www. Astronomy.com/ 


Because William was an accomplished musi- 
dian, instruments lie mixed in with astronomi 


cal exhibits. Thisisa serpent, an unusual wind 
instrument William would have played from time 


fotime.ucuneueo 


This astrolabe now occupies the approximate 
position where Wiliam set up his 6-inch tele 
Scope the night of March 13, 1781, and dscov- 
red Uranus, thus doubling the size of the known 
solarsystem. surncns 


the museum reception area. And a beauti: 
ful brass drum orrery — one of the first 
made after Uranus’ discovery — sits as an 
exhibit in the museum, proudly showing 
seven planets of the solar system and two 
‘moons around Uranus, 

The Herschel Museum of Astronomy 
stands asa reminder to all the work that 
William and Caroline Herschel did to gaze 
— and help many others see — ever farther 
into ous complex universe. But the lasting 
impression that will remain with me is that 
from a small garden in the heart of a beau- 
tiful English city, a planet undetected for 
zillennia was spotted by an untrained 
amateur with a homemade telescope — 
and in one instant doubled the size of the 
known solar system. 
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Black paper 


Let’ face it, white printer paper 
is inexpensive and readily avail- 
able in packs of 500, I confess 
its my “goto” for most deep. 
sky sketches. But be aware that 
there area slew of alternatives, 
‘most with unique qualities that 
could help you achieve bet- 

ter results. Think of textures, 


tints, weights, and sizes. Now 
imagine the many possibilities. 
(One of my favorites is black. 
paper, specifically the rich tone 
and fine toath of brands like 


Strathmore 400 Series Artagein 
and Daler-Rowney Canford, 
‘Their ability to accept mixed 
media allows versatility 


Forthssketch ofthe westem adge of Mate rsium along the terminator, the author 
‘eed through inch itchey-Chton reflector a 9 with an 24mm 200m eye 
piece fora magneton of 17ixon September 4, 2012, between 2h30m snd Gist 
UT She used neh by 12-inch black strathmore ArtaganTe0 gem paper 2 white 
Cont crayen, apast nc ablack Derwent watercolor pend lack charcoal a bla 


‘lpend he trtllon and’ blending stump. 


chara Handy made th seth of Gasend rater on September 3, 2006, between 
‘haom and Shs6m UT though a inch Schmidt Cassagrain telescope at 10 He 
deta binovewer witha Lx nosepece and 20mm eyepleces fr amagniation of 


3, He ured inch by 2c textured black Cont paper white an lack Cone 


Crayons, and hard synthetic foam fr lending. ncn 


In my case, use color pas- 
tels and pencils with them for 
planet sketches, A few other 
advantages I've found include: 
1) the light texture ofthe paper 
will help you create the mottled 
appearance of the Sun's chro 
‘mosphere; 2) you can produce 
star fields and deep-sky objects 
in a posit 
black, as they appear through 
the eyepiece); and 3) with prac 
lice, you even can draw the 
rugged terrain along the 
‘Moon's terminator with ease 
Toller the sketch to the left 
as an example. used a 9-inch 
by 12-inch sheet of Strathmore 
paper to sketch the western rim 
of the Moon's Mare Crisium 


format (white on 


Mountainous areas, like those 
that surround the lunar basin, 
are particularly challenging 
when they lie close to the ter 
‘minator. The scene’ lighting 
also changes rapidly, so time is 
of the essence, 

Rather than using white 
paper, where you must first 
foulline and then fill in the 
shadows, save time instead by 
drawing the lighter areas on 
black paper with a white pen 
cil, The shadows will form 


automatically, and before you 
realize it, you've successfully 
sketched a complex region! | 
then completed the remainder 


of the sketch more leisurely 
with a mixture of media 

For the second sketch, 
Richard Handy chose an 
18-inch by 24-inch sheet of 
textured black Conté paper ta 
create a sketch of the crater 
Gassend and its surroundings 
Using broad strokes with a 
stick of Conté crayon (chalk) 
and light blending, Handy took 
advantage of the paper's heavy 
tooth to produce albedo vari 
ances (differences in reflectiy- 
ity) The larger paper size let 
him add intricate details, as 
shown by Gassendi’s complex 
rile system and central peaks. 

The diflerence between the 
two paper types is remarkable, 
and each has advantages. But 
there are more things to con. 
sider. What archival qualities 
ges your choice have? How 
will i hold up in damp condi- 
tions? Can it hold medi after 
an erasure? Will the drawing 
bleed or remain erisp? 

Not all paper is created 
‘equal, so do a little research 
before you buy. A useful guide 
‘ean be found on the Dick Blick 

Art Materials website at www 
Linyuel.com/rixtip. In a future 
column, I'l give tips on how to 
use black paper for deep-sky 
objects. In the mean time, have 
fun experimenting! @ 
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Attention, manufacturers: To submit a product 
for this page, emal mbakich@astronomy.com. 


Imaging tutorial NIGHTScapes ‘7mm eyepiece 
‘range County Telescope sans TIMELapses Celestron Torance, Califia 
Santa An, California Celestron’ tia Duo Tm 
The new DVD High Resolution Eyepiece offers 68 wide 
‘Astrophotography contains more apparent field of view and 20 
than 2% hours oftutorals on militar of eye elie. icon 
image peocesing by renowned {ain eight optical elements in 
astroimager five group, all of which are fully 
Damian imullcoated. The bare has inte 
Peach, includ andres) ted ‘gral 2mm Tadapter threads as . 
ing some foe _— well asintenal threading to 
Autostart cept ters. Smartphone adapter 
2 Reglstax6, Price: $129.95 Celestron Torrance, Cl 
Photoshop, ‘Strathmore, Alberta, Canada ‘{t]310.328.9560 Celestron’s Ultima Duo 
and ako Howto Photograph &Proces {w} worwelestron.com iPhone 558 Smartphone 
WinJUPOs. Nighscopes and Timelapses isa Adapter ile you capture 
Peach ako 400-page e-book that nudes 2 images trough your telescope. 
includesa S50 HD vidos with examples of The unit connects securely toan 
Guide Tobuying telescopes and __timelapse techniques also Uta Duo eyepiece with no 
Cameras adscusion of atm. includes 60 step-bystep tutor play andi et you quickly 
spheric depeson comecors, als on mage processing with Change between viewing and 
anne weather forecasting, Photoshop and Lightroom. The photography, The adapter 
took, and adetaed question author coversal techniques, Works with any scope compat 
and-ancwer section from basic to advanced bie with Uma Du eyepeces. 
Price: $2799 $2499 Price: $7235 
{elamazingskyoioud.com [n310.328.9560 
Iw wwwacelscopecom . Iw] wo.celeston.com 
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COSMICIMAGING 


BY ADAM BLOCK 


When rejection 
is a good thing, 
part 2 


Digital noise comes in several 
varieties. We call the natural 
fluctuation of incoming light 
‘photon shot noise.” The el 
tronics of your camera also 


Image #1 plots the frequency of 
27 values from a single pixel in 
fone of my recent data sets 


e ‘You will note they are pretty 
similar except for the outlying 
introduce uncertainties in the ale of 3,729 due to a cosmic 
measurement of incident light. ray, But how do we know itis an 
ootlier in a mathematically rig. 


‘rous way? What we want to 


In fact, simply transferring the 
photons from the chip — and 
subsequently digitizing the 
information into brightness 
values (counts) — introduces 
additional fluctuations in the 
measured results 

‘You might be able to mini 
mize the chip's “read noise” (but 
not the photon shat noise) by 
purchasing better electronics 
Nonetheless if you take more 


know is how large a deviation 


the outlier is from the mean 
value, We can use this asa tool 
to choose whether or not we 
reject a value before calculating 
‘a new average from the remain: 
ing numbers, which should give 
usa much improved result 
‘Most programs have a “sigma 
rejection” algorithm, which sim. 


exposures and make more mea- ply caleulates the mean value 


and the standard deviation from 
your measurements. “Sigma’ 
and “standard deviation” are 
inscrutable terms to peaple who 
ids, aren't mathematicians, Ifyou 
remember nothing else, remem: 
ber this: The standard deviation 


the net noise level, be it natural 
or instrumental, 

Although contributions from 
‘cosmic rays, satellites, aster 


and other transient effects are 


not sources of noise, they are 
certainly unvvanted signals 

They ate identifiable because 
their values may be significantly 
different from the fluctuations 
of values 


of set of measurements, often, 
denoted by the 
sigma (0), is nothing more than 
the average distance to the 
‘mean. That's it Just ask each 
value, “How far are you from the 


letter 


you expect to see each 
time you take an exposure, 


Image #.Thishistogram shows thefequency of values forthe data listed inthe plat 
Ste Note that one vale lefarto the ight and much geste than al ther values, 
‘nich clusteron the lft ge vats 


FROM OUR INBOX 


‘Abundance of life 
loved Editor David J. Bicher's editorial on the abundance of 
life in the universe (February issue, p. 6). It was the most senst- 
bile discussion of the possibility I've ever read by an astronomer, 
You took on Fermi’s (rather sophomoric, not to say silly) say 
ing nicely tactfully putting iat the end of your column: “The 
universe is indeseribably large.” You could have added "inf 
nitely distant," especially when one remembers that the speed af 
light isan absolute. Humans, including astronomers, dan ike 
absolutes, of which there are only two in my view: the speed of 
light and death. We'll never be able to get around either, as many 
wise folks have pointed out. was quite pleased to read your 
statement that most astronomers and cosmologists, unlike 
Fermi, think the odds of life in the universe are overwhelmingly 
for.” — John Mood, Sanbiege 


mean?” and average al of the isa filter that scans an image, 


answers. Ifa value is many times | and when it finds value that 
the average distance tothe mean, | is very different from its neigh 
then we ean salely reject it bors, it substitutes a new value 
based on the value ofits nei 
bors (Image #2). Hot pixel f 
ters are of this type 


This is not the same kind of 


For my data in Image #1, the 


‘mean is 1.861, and the average 
distance to the mean, ie. one 
standard deviation, is 376, The 
difference between 3,729 and 
1,861 is around five times what 
you would expect for a typical 


rejection and is not as robust as 
the method I described above. 
Some programs identify out 
lying values statistically, and 
instead of simply taking 
average of the remaining val 
ues, they use a substitution, 
boring 
pixels. This processing error 
yields poorer results for your 
hhard-won images, and itis one 
that I see often during my 
workshops. In other words, 


‘Actuation. Programs will ask 


you to enter the threshold, in he 


standard deviations, and any 
reading above it excludes a value. 


Typically if value is more than | method based on n 


‘ovo or three standard deviations 
itis likely an outlier caused by 
an unwanted source, The ealew- 
lation ofa standard deviation is 
‘meaningful when you have taken 
sore than seven images, please da not do this! 
‘A-caveat is that this statistical In my next column, I will 
demonstrate the minimum 
filter, and ' offer a powerful 
variation for this common 


processing trick. @ 


= 


rejection and subsequent aver 
aging is not the only method 
used in image pracessing. One 
other type of rejection algorithm 


Substitution 


Image #2 The statistical method of ejecting pals identifies outyng values and the 
2verages the remarning numbers ata gen pslforasetof mages Rejection 
‘ork iferenti by sbstiutingnelghboong pel values na ingle mage but donot 
Snalyae the value of ther mages 
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one ofthe most imaged 
fenttimes Inthe mid 

of December, developed a beaut 
falta Ae these images taken only 
24 hous apart show, the tal often 
appeared qute ferent fram o 
tothe next (12nch Astro Syste 
Austria stagraph a 73.6 FL ML-8200 
CLD camera lei 
roca ight 3h 
tach panel ian URGE 
exposures of 20,20, 2 
seconds, espectvaly taken December 
‘tt and 15,2014 fom Farm Te 
Namib) «Gerald Rhemann 


2. STAR-FORMING REGION 
NGC602 (enter sa young star cuter 
the Snal Magelanie 
Goud about 20,000 ght yer 
stant Attonomers label the Bight 
{misson nebula that surounds the 


Camera, H/OI AG image wth expo 
rs of 750, 690,30, 30, and 30 min 
Utes, respectvely) «Dan Goldman 
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3, AGALAXY? REALLY? 
IC 1613 sanieqular dwar galacy 
that’s part of our Loca Group. les 
epeonimately 24 millon ight years 
jay nthe constallation Cetus the 
Whale (15-inch RC Optical Systems 
Richoy-Cheton reflector, 

UI6CCD camera, HaLNG2 mage with 
exposures of 30, 320, 180, 180, and 
180 minutes, respect 

Merk Hanson 


4. DAYTIME STAR 
The Sun alvayslooksimpresve 
hough a Hyérogen-alphsfiter Hee 
we can ses features inthe clare 
‘mosphere, the layer just above th 
‘hotosphere. The dak curved tesks 
Bre the coler top of prominence: 
Seen sihoueted against the Suis sk 
{inch Coronado double tacked 


12,2044, at Tham UT) 
Davi yer 


5. CLUSTER PLUS NEBULA 
(Open rte NGC M2 (bsiow centr) 
Ishearly half a magnitude a 
IRshould be thane tothe presence 


ter: (1-nch Deep Sy lnstruents 

CIO corrected itehey-Chstien 

‘efector st73, FL ML@203 

camera LRGBimage with exposures 

of 70,330, and 30 minutes reepec 
y+ Bear Bakhshendeh 


6.SHOOTING STAR 


ia. (Nikon DSOOE 

mane stat, 
ISO 1600, 15-secand exposure taken 
December 1, 2044, at $2540 PST) 
Tony Rowell 


Send your images to: 
Astonamy Reader Galery 0.80 
1612, Waukesha, S37. Please 
indude the dat and lation ofthe 
image and complete phot datz 
telescope came, ites, nd expo 
sures Submitmagesty ema to 


FINALFRONTIER .. 


But they found Ganymede 
and Calisto to b 


are brighter 
than expected 
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PUTTING 


‘Textime can be, wel, taxing. Receipts to dig out. Schedules to file. Determining the best 
‘way to dodge an aucll. But, you're lucky, atthe end of ital there's that nice, fat ax refund. 
‘And at Sky-Watcher USA, we fave a great Ides of what to do with that refund: buy one of our 
award-winning collapsible Dobsonians! 


Sky-Watcher USA's collapsible Dobsonians give you more of the three things you want out 
of 2 Dob: aperture, portability and value, The collapsible tubes make itinfinitely ensier 

to fithe biggest light bucket you can afford into your back seat, while stil leaving 

enough money in your pocket to he abe to afford something with a hack seat, 

‘And during the month of Apri, you can save even more. 


2 


With apertures ranging from the ultra-portable 8-inch upto the 
‘monster ight-gathering 16-inch model, al of these scapes 
feature Sky-Watcher's breath-taking optics and come 
complete with Crayford-syle focuser, two Super Plossl 
eyepleces and finderscope. 


PRO SERIES PRICE REDUCTION 
In addition tothe savings on our 
standard 8, 10 and 12 inch 
‘madels, our Pro Series 14 and 
16 Inch Dobs are being reduced 
In pice 


With al ofthe features ofthe 
standard models, the Pro Series 
boasts fast-cooing conical miors, 
colapsible bases for even more portabilty, 
and dual-speed Crayford-stye focuser. 


So if you're looking fora big ight bucket with litle 
price fag, you must purchase between April st and 
April 30th, 2015 to be elie for these great deals 
{Just goto skywatcherusa.com or visit ane of our 
authorized dealers for complete deta, 


Normally $449 ree SAO PLC $399 10. SAVE S50 


Normally $699 ree SAO PLCE $629.10. SAVE S70 


paki oS Price $999 0... SAVE $150 Sky-Watcher U Ly ‘A 


New low price. Be amazed. 


For information onal f our products and services, r to tind an authorized Sky-Watcher USA dealer near you, just vist www.skywatcherusa.com. 
WB BW Don't forget to follow us on Facebook and Twitter! 


(@CELESTRON 


The World's Most-Loved Telescope Has Evolved 
NexStar / 
EVOLUTION 


The First Schmidt-Cassegrain Telescope with Fully Integrated WiFi \ 
Colestron’s Most Innovative Technologies Plus New Upgraties * 
+ Control your telescope wirelessly with your smartphone 

or tablet via WiFi, 
+ Integrated long-life lithium iron phosphate battery 

(LiFePO4) supports up to 10 hours of use without 

external power. 


+ New features include USB charging port, adjustable 
accessory tray light, improved tripod, and completely 
redesigned mount. 

+ Telescope automaticaly locates over 100,000 objects 
using Celestron's SkyPortal app. 


@cELeSTRON >a 
SkyPOrRTAL. @ ew 


Download the free Celestron SkyPortal app and start 
exploring today with or without NexStar Evolution! 


@ AppStore | P> Google play 


i Pas Sete —00268 980 - vaiocaiican 
(eT Toes 1004836287 -wouapteeeyenssn 
es Pant 60504507 -wptspaatcon 


celestron.com 
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July 2015: Venus meets Jupiter 


July begins with the spectacular is tlookeearly in the month and it remains tempting tar- between the Scorpion’s tal 
pairing ofthe two brightest when the 32"-diameter disk _—_getinearly July, On the Ist, _ andthe brightest stars in 
planets after sunset, Venus should show the most detail, the innermost planet appears Sagittarius, One of my favorite 
slides just 0" — less than the Look for features in the jovian nearly 10° high inthe northeast sights is the pairing of the open 
Full Moon's diameter — south cloud tops and track the 45 minutes before sunrise star clusters M6 and M7 just 
of}upiter in the northwestern motions of the planets four Shining at magnitude -0.2, north of the Scorpion’s stinger, 
evening sky July 1. The two bright moons. stands out to the left of Orion M6 is physically salle than 
appear several degrees to the ‘Although the pairing of the Hunter. its neighbor, and tha difference 
lower left of Regulus, Leo's Venus and Jupiter dominates ‘A telescope reveals is accentuated by the fact that 
brightest star, The three make the evening sky, Saturn issure Mercury's 7-diameter disk, MG lies nearly twice as far away. 
anattractive trio throughout to garner its share of interest. which appeass slightly more Next, work your way anti- 
July, with alovely crescent ‘The magnitude 0.3 planet than half.it. The planet disap- clockwise around the Scorpion's 
‘Moon adding tothe scene on appears high inthe northeast pears into the dawn glow dur- ta tothe stars Zeta! (@) and 
the 18th and 19th as darkness falls and remains ing July’ssecond week and it Zeta? (C2) Scorpil, Less than I° 
Venus reaches peak bright. aspectacular sight until well will pass behind the Sun from north ofthis pair lies NGC 
ness July 10, when it shines bil: past midnight local time. It lies our vantage point on the 23ed. 6231, one ofthe sky’s finest 
liantly at magnitude -4,7, butt among the background stars of Mars remains buried in the open clusters. Gaze at this 
remains a beacon all month, lt eastern Libra the Scales, Sharp- Sun's glow during July. twill region for a minute and you'll 
appears more than 10 times eyed observers might spot its climb slowly higher inthe pre- never again consider binoculars 
brighter than Jupiter, the sky’s westward motion as it creeps dawn twilight inthe coming an inferior instrument. 
seconc-brightest point of light. away from the head of Scorpius months and return to view by Now put away your binocu- 
Venus climbs abit higher than the Scorpion the end of winter, lass, double back to Sagittarius, 
Jupiter with each passing night, Saturn truly stands out and admire the Large Sagi 
though the two stay within 6? when viewed throughatee- The Starry Sky tariussiar Cloud. Thisis the 
‘of each other during Jul scope. ts southern declination july isa wonderful month to brightest part of the Milky 
When viewed thtougha places thigh inthe sky— observe the night sky from the Way, and it appears just north 
telescope, Venus appeats mag- where Earth's turbulent atmo- Southern Hemisphere. Once _of the four stars Epsilon (e) 
nificent. It shows alarge disk sphere interferes east — for _evening twilight has faded Delta (6), Lambda (2) and 
and a beautiful crescent phase several hours each night, The away, the Milky Way arches Gamma ()Sagittari, which 
all month. On the Ist, it planets rather bland disk hhigh across the southern sky. form the Archers bow and 
appears 32" across and one- appears 18" across in mid-July With the Moon reaching its arrow. A few degrees to the 
third it, By the Sis, its disk while the magnificent ring sys- New phase at midmonth this large cloud’s northeast lies 
spans 5" but the Sun illumi- tem spans 40" and tilts 24° to year, that's the perfect time for another broad patch of light, 
nates only 10 percent ofit. Even our line of sight, This steep discovery. So grab your binocu- this one known as the Small 
though Venus willbe in con- angle provides exquisite views lars (7x50s are grea) lie ack Sagittarius Star Cloud, or M24 
junction with the Sun next of the rings’ structure, The onablanketor reclining lawn As the evening progresses, 
tmonth, the planet stil sets wo Cassin Division — the dark _chais,and havea look around. take a look farther to the north- 
hhouts after our star July 31. gap that separates the outer A ‘Scorpius the Scorpion and east along the Milky Way. 
Jupiter moves slowly east- ring from the brighter B ring Sagittarius the Archer ride high When you reach the small con- 
ward against the starryback- — should stand out. Also look in the evening sky throughout _stllation Scutum the Shield, 
drop of Leo the Lion. You can for Saturn's brightest moons. the winter months. The central youl encounter another spec 
gauge its motion relative to Ist-Eighth-magnitude Titan shows bulge of our galaxy runs tacular feature. The Seutum 
magnitude Regulus. The gap up through any telescope while through these constellations, Star Cloud appeats more con- 
between the two objects nar- the 10th-magnitude trioof and it often seems as ifthetes_spicuous as it climbs higher 
rows from 8* to 2" during July. Tethys, Dione, and Rhea appear no end to the intriguing in the sky asthe evening pro- 
Unfortunately, the giant planet in 10-centimeter and larger _ patches of light. gresses Isa great object to 
is sinking lower in the evening instruments Toften suggest to people wrap up a full evening observ- 
sky and the view through a Mercury was fine sight in whoare new tothe night sky ing the Milky Way through 


telescope suffers. Your best bet the predawn sky during June, that they explore the region _—_binoculars. 9 
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HOW TO USE THIS MAP: This map portrays 
the sky as seen near 30" south latitude, 
Located inside the border ae the four 
directions: north, south, east, and 

‘west To find stars, old the map 

overhead and arientit so a 

direction label matches the 


direction youre facing. 
The stars above the 
‘map’shorizon now 
‘match what's 

Inthe sky. 


STAR COLORS: 
Stats true colors 
depend on surface 
temperature. Hot 

stars glow blue slight- 

ly cooler ones, white; 
Intermediate stars ke 

the Sun, yellow; followed 

by orange and ultimately, red. 
Fainter stars cant excite our eyes’ 
«olor receptors, and so appear vite 
‘without optical aid. 


JULY 2015 


Calendar of events 


1 Venus passes 0.4” south of 
Jupiter, 14h UT 


2. Full Moon occurs at 2h20m UT 

5 TheMoonis at perigee 
(67083 kilometers from Earth) 
18h52m UT 


6 The Moon passes 3° north of 
Neptune, ah UT 


Pluto is at opposition, 16h UT 


Earth s at aphelion (152.1 milion 
slometers from the Sun), 20h UT 


8 Last Quarter Moon occurs at 
20h24m UT 


9 TheMoon passes 0.8" south of 
Uranus, 3h UT 


10 Venusis at greatest briliancy 
(magnitude -4.7), 4h UT 


12 The Moon passes 09° north of 
‘Aldebaran, 18h UT 


16 New Moon occur at h24m UT 
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24 


25 


26 
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‘The Moon passes 4” south of 
Jupiter, 18h UT 


‘The Moon passes 0.4” south of 
Venus, hUT 


The Moonis at apogee 
(404,835 kilometers from Earth 
Tham UT 

Venus is stationary, 6h UT 


Mercury i in superior 
‘conjunction, 19 UT 


Fiest Quarter Moon occurs at 
‘4hoam UT 


Asteroid Ceres is at opposition, 
shut 


‘The Moon passes 2" north of 
Saturn, 8h UT 


Uranus stationary, 16h UT 
Full Moon occurs at 10h43m UT 


Venus passes 6° south of Jupiter, 
20h UT 


TOREADASTARCHANT AT www Astronomy.com/starchart. 


REGISTERED USERS GET EXCLUSIVE ACCESS! 


Enjoy MORE from: “Astronomy ; f = 
when you register online! 


+ Get a weekly email newsletter featurin lomy news, _| Kstronoray t 
reader gallery, and sky events. gaponon so S ronpny 


+ Submit your photos and be inspii 5. 
- Watch exclusive videos omobserving, e “9 Top I 10° 4 
cutting-edge science, and more,» ~~ : space stori 


+ Comment on articles. and shi 


Newton's apple: Edison's ‘Ss lightbulb. 


I iscoverMagazine.com 
/ = or call 800-829-9132 


Available in print or digital format. = 


